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8., Other Process Chemicals

/05

Other procese chemicals, such as sodium nitrate, are not hazerdous
enough to werrant a detailed discussion., Reasonable care should be
exercised, however, in handling them to avoid skin contect and to insure
thet ingestion does not occur.
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CHAPTER XXV, CRITICAL A58 _COMTROL

A. INTRODUCTION

The main plutonium isotope, Pu23%, and =he uraniun isctope y235,
are both capable of self-sustained fission reactions, Although both of
these nuclides are handled in the Redox process, a U4 chain reaction
is impossible under the conditions of the Redcx process, The U235 is
present only in association with neutronwabsorbing U238 (as in the
natural uranium charged to the piles). This chapter, taerefore, deals
only with Pu23? critical mass control,

Pu?39 is capable of both.slow-neutron and fast-neutron chain rew
actions. Slow-neuiron chain reactions result when the neutrons released
by the fission of a Pu239 nucleus are moderated to low srnergy levels by
collisions with other kinds of atoms before zapture by other Pu239
nuclel, which in turn fissicn and continue the reaction, Fast-neutron
chain reactions are basically the same, except that tha free neutrons
undergo no moderation and thus loge no .enerzy before caplure. A certain
quantity of plutonium must be present tefore a chain reaction can take
place, This quantity is called the critical mass, The fission capture
cross-section for plutonium is smaller for fasteneutrons than for S51oW=
neutrons, Thus the critical mass for a fast.neutron rzaction is larger
than for a slow-neutron reaction ~= not less than 5 kilograms for a
fasteneutron reaction as compared to a minimum of appreximately 0.6
kilogram for a water-moderated slow-neutron reaction. Fasteneutron re=
actions can take place only at high plutonium concentrations (above
about 5000 g./1l.) and atomic ratios of hydrogen to plutonium below g
and are thus impossible under the conditions of the Redox process,

This chapter is concerned only with the technical and experimental
background of the plutonium critical mass for slow-neutron reactions and
the safegvards necessary to prevent a critical accumulstion. It will be
evident from the following sections that critical mass control is of
concern only in connection with those process vessels which contain the
plutonium after it has been separated from uraniwn in the IB Column.

B. CRITICAL MASS FOR SLOW-NEUTRON FISSION

This section is concerned only with the size of the critical mass
for slow-neutron fission, as this type of criticality s the only one
of importance to the Redox process, The amount of plutonium required to
reach criticality is dependent upon the relative abundance of the various
plutonium isotopes, the concentrations of plutonium and cther chemical
elements in the assembly, the geometry of the assembly, and the nature
of the materials surrounding it, At the time of this writing the Pile
Technology Division of the Hanford Woerks is in the process of determining
the critical masses for water-moderated slow-neutron chain reactions in
stainless-steel spheres and cylinders. The follewing subsections list
some preliminary results of these experiments and some ccnclusions that
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have been roached as a result of thesc and other critical mass studics,

1, Minirmum Critical Iloss

The lowcst conccivable critical mass of plutonium under any condi-
tions that may be anticipalid in the Redox Plant occurs when the plu~
toniwm is uniformly distributcd in a spherc of an optimun diameter
(12 to 15 inches) moderated nnd surrcunded by watcr, Values for the
critical mass under thesc conditions will be roferred to as the "mininmum
critical mass™, The valuc of thc minimum critical mass varies slightly
with the total pile cxposure that the paront sluﬁs recclve, because of
the formation of greatcr rclative amounts of Pu2lO with increascd nile
sposurc,  Pu?l0 has a poisoning effcet and acts to inhibit Pu239 oritiw
cality. It is not possible to determince the minimm eritical mass ’
directly, as thc plutonium soluticns must contain sufficicnt acid cone
centrations to prevent plutonium procipitation and must be handicd in
vessels whose construction natorial will have some offect on the eritical
nass, The actual minimum critical masses are thercefore determined by
applying appropriate corroctions (Zor the offcets of forcign ions ond of

he vessel walls) to the dircetly obscrved valucs. The minimum critical
mass for plutonium produccd in slugs with a total pile cxposure of L20
mognwattedays por ton is shown on Figurcs "XVal ond XVae2, Minimum
eritical mass valucs for scveral cxposurce lovels are as follows:

Coirracponding
Total Exposurc Reecived Plutonium - Minirum
By Parcnt Slugs, Conccntration, Critical Maoss,
Megawatt~Days/Short Ton of U 3, Pu/Ton U G, Pu
212 533
L2o 595
605 613

The 420 lw,-day critical mass valuc is bolicved to be aceurate within
+3 per cent, while the others arc conscrvative valucs,

2, Effect of Ceomctry

The c¢ffect of cylinder and sphere diamctors on the eritical mass
is shown on Figurcs WXVal and XXV.3, Rcsults of critical mass studics
made with U235 have indicated thot slowensutron criticality is impogsible
in infinitely long watcresurrounded cylinders with dimmetors net morc
than 5 inchcs and in airesurroundsd cylindors with diemctcrs not more
than € inches, Safe cylinder diamcters for plutonium solutions have not
been directly deterained, bub can be shown on theorctical grounds to
be not smallor than the ddiancters quoted above,

3e¢ DEffcet of OQther Tlonents
The presonec of forcign ions in o plutonimm soluticon inercascs the

critical mass, This cffcct is duc, at lcast in part, to the substitue
tion of none-moderating forcign ions for some of the water moderator,
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When forcign lons with neutron absorption cross-sactions higher than that
of water are presont, the increascd ncutron loss results in further ine
croasc in eritical mass, This offoet is illustrated by Figurc XXVl and
X{V-2, which show the cffect of nitratc ion on the critical mess, As
shown on Pigurc XiVe2, the incrcasc of the critical mass of plutonium with
NO3™ concentration is approximatoly linecar. For 4,20 mogawatt=doy/ton plu-
tonium the critical mass inercases from 595 grams at 0 NO3™ to 710 grams

at 200 go/lo (302 M) NOB-.Q

L. Effcct of Plutonium Concentration

Figurcs iXVel and XXV=2 show thc plutonium concentration rangc for
two of tho critical mass curves, Figurc XiV~3 illustrates the variation
of critical mass with piutonium concentration in cylinders. The curves
on Figurc X{V-1 show that the lowcst critical massos generally occur in
the 20 to LO g./l. range of plutonium concentrations, the minimum critle
cal mass for L0 megawattedoy/ton plutoniwa {595 g.) occurring at about
36 g. Pu/l, Cnlewlations basud on the cross scctions of plutonium and
water for ncutron capturc havo shown that criticelity is impossible in
any solution containing lcss than six grans of plutonium per liter. The
eritical mass also incrcascs at highor plutoniwm concentrations {above
about LO g. Pu/l.)s

5. Effcct of Surrounding Ilatcrials

The eritical mass valucs shown on Figurcs XlV-l, XXVe2 and X{V-3 are
for asscmblics surroundcd by wabur rcflsocters. Criticol masscs of asscmblics
surrounded by air arc higher, as illustrated by the incroase in the mini-
mum eritical cylinder diemeter from 5 to 8 inches whon changing from wator
to ailr surroundings as notcd under 2, above, Thc critical mass values of
asscmblics surrounded by stainlcss steol less than 3 inchos thick, or by
conercte, arc intcrmediatc betweon wator=surrounded and air-surrounded
valucs. As shown on Figurcs {XVel and XXV-2, the critical mass is ine
croased approximately 30 g. by 0,05-in, thick stainlcsswstocl container
walls, The cffocts of stainlossestecl container walls loss than 1/2 inch
thick arc slight cnough to causc no approciablc changes in the minimun
eritical cylinder diamcters given above,

C, METHOD3 QOF CRITICAL IASS CONTROL

Accurmlation of a eritical mass of plutonium in any process Solution
may be prevented by any of threc mothods: {a) safc solutions, (b} safc
goomctrics, and (c) safc batches,

The method of safc solutions involves proccssing solutions of such
composition that thoy eannot beconc eritienl undcr any possible proccess
condition, Criticality is impossiblc in & safc solution because of the
absorption of frcec neutrons by other clements in the solution, A solution
cannot be considered safe without additional safcguards if any condition
for the scparatc precipitation of the plutoniun is possible,
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: Thz method of safc geometries involves handling the plutonium in
isclated cquipment of such sizc and shape that enough free ncutrons
escape for criticality tec be impossible in any contingoney that may be
cxpecteds Thosc solventecxtraction columns in the Redox Plant which
arc geomctrically safe are usually rcferrsd to asg safe eolumns, These.
columns are safc against slow-ncutron criticality only and would have
to be oporated with limitcdesize batehes (5 kg, ) if fastencutron
criticality were possible,

The method of safe batchos involves handling the plutonium in iso-
lated batches which contain less plutenium than the minisum amount which
will beeome critical under the most unfavorable conditions expected.

Application of these threc general metheds of critical mass cone
trol in the Redox Plant arc discusscd in Section D, below,

D. CRITICAL MASS CONTROL IN THE REDOX PLANT
l. General

Processing opcrations in ths Qedox Plant arc conducted continuously,
cxeept for the foed properation, plutonium concontration, and, possibly,
cross-over oxidation steps, The changu-cver to batch operation in the
plutonium concenirators is made te cnable eritical mass control by the
safc bateh method, The erossecver oxidntion step was originally designed
as a batch operati-n when a het crosseoverwoxidation procedure was bow
lioved nceessary, WwWith tho cubscquent satisfactory demonstration of
the crosswover step at roonm temperature, this step may be put on a
continuous basis as part of a program to inercasc the plutonium produce
tion ecapacity -f the plant, This will involve roceiving the IBP stream
direetly in the 2AF Tank instcad of the IBP Roeciver,

All portions of the proeccss, cxcept for the plutonium processing
portion from the IB Colurn through the concentration steps, process
safc soluticns and thus do not require bateh size control proccdures,
In the Second and Third Plutonium Cycles the solvontecxtraction colurms
are geometrically safe as discussed below and thus will not require
bateh size control, Batch size control methods start at the IBP Rew
ceiver (or 2AF Tank) and each tanik from this point on is 1limited to
a safe batch (about 300 g. ). To provide an additional safeguard,
tanks which receive continucusly (IBP Receiver or 2AF Tank, 3AF Tank,
and 3BP Receiver) are desimmed to overflow before they can ccllect a
volume of solution which will contain over 600 grams of plutonium when
the plant is processing slucs with irpadiation levels of up to 420
megawattedays per ton (approximately [300 erams Pu/short ton of UJp “In
order to maintain this safeguard at htp sXposure levels, € present
continuously-receiving tanks must be replaced with smaller-volume tanks
or the IBP stream must be diluted with aluminum nitrate solution to a
higher relative volume thar that indicated on the HW #L Flowsheet,

This amount of plutonium (600 g.), while over the safe batch size’ speci-
fied in Subsection D2 below (about 300 g, ), is safe from criticality
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whon plutoniwa from slugs with 420 mogawatiednys/ton or groator pile oxe
posure 1s procecsscds

2e §Bocifications for Critical jiass Control

The following definitions of safc conditions have been spceificd for
critical mass control in the Rodox proccsa:

(a) A safe solution is onc in which the rotio of plutonium to uranium
is Mot morc than the ratio in irradiated siugs. It is assumed
that any condition in the Redox Plant which precipitates the plue
tonium will cowprecipitate tho ncutroneabsorbing uranium.
Uranium=frec solutions containing 1lcss than 6 g, Pu/l, arc also
safu as long as they rumain homogencous, but arc not considercd
safe solutions bocause this safc 6 g./l. concentration could be
cxccuded in the ovent of plutonium preocipitation,

(b) 4 safc column is onc which is not morc than cight inches in
diametor, is spaccd not clascr than four diamctors to any
other column, and is surrounded by air. Fastancutron criticality
15 not considered possible in the Rodox Plant, So that a safe
column 1s safo under all ~ntlcipoted conditions.

(¢) The nominal safc batoh siac is 300 gramsg of plutonium. Vesscls
operated on TAC sal. wabch principlc must be spaccd at least onc
foot away from any othor plutoniwnecontaining wvesscl,

The safoc solution, safo colwnn, and nominal safc batch siza speeiflicas
tions arc bascd on the maturial prescented in Scetion B, The nominal batch
size (300 grams) is sct to providc a safcty factor groater than two over the
lowest critical mass (625 grams) for plutonium in Rodox process streoms sube
ject to batch size contrel (M0L™ concentration 0,80 M or more), whon plue
tonium producéed at irradiation”lcvels of L20 or morc mogawatiedays poer ton
is proccsscd, The lowest NOB" concentration (0,88 1i) oceurs in the 2BP
strcams The probeble gxpogure lo : the Rcdox Plant is LLO
mogawntt=days por ton (OO0 grams Pufton U) or greatery Slight doviations
from the nominal 300e-gram batch size will BT tneountt¥ed, sincc batch
colleetion will be by volune and the plutoniwn content will vary slightly
from batch to batch. The actusl permissible plus deviation from the 300w
gram sizc allowed before it will be nccessary to split the bateh will be
dotormined after the plant gocs into operation, The allowable plus dovine
tion will probably bc at lcast 12 grams, giving o teatative maximmun bateh
content of 312 groms (one-half of tho 625 gram critical mass for 2BP), and
can possibly be mmch higher (350 to LOO g.) when the cffects of precipitate
configurations and surroundings other than purc watcr arc given full account,

Te reach o eritical accwsulation of plutoniws in the Redox Plant with
the 300 gram batch sizc spocificd abuve a sorics of unusual happonings such
as tho following must oceur together: the plutonium from two batches must
(2) mix, (b) totally prceipitatc, (¢) fom a 12 to 1S=inch spherc surrounded
on all sides by at least L inches of water, (d) be uniformly susponded in
the sphorical shape at wpproximatoly the optimum Pu concontration (20 to L0
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g» Pu/l, }, and (e} contain no nitrate or other foreien solutes. The
probability of these or other offwstandard circumstances which would
result in criticality occurring together is so exceedingly small that
in effect the salety factor witl a 300.gram batch size is very much
larger than two,

v

k)

No critical mass specifications are given for pipe lines in the
Redox Plant, as all pipes are small enough to have safe geometry and to
have no appreciable effect upon critical mass control in near-by vessels.

3+ Application to the Redox Pldnt

A 100 g./ton}jﬁﬁanéj_;;7;£;;€-56n U%Splutonium concentration in
irradiated slugs fIVes maxirmm procesSS-strean plutonium concentrations
of approximately 1.3 grams per liter (in the 2BP and 3BP streams),
exxcept in the plutonium concentration step, where a concentration of 10
g. Pu/l, is rcached, As pointed out in Subscetion 1, above, solutions
containing not more than 6 g, Pu/l. are safe from criticality regardless
of the quantity of plutonium present except in case of accidental pre-
clpitation of the plutonium followed by arrangement into near-optimum
configuration,

The fced preparation stop, the first solventecxtraction cycley
except for the I3 Colwm scrub section, the sccond and third uranium
solventmextraction cycles, and the uranium concentration steps rely on
critical mass control by the use of safo solutions, All streams in these
cycles have a uraniune-to-plutonium ratio not lcss than the ratio in ir.
radiated slugs and arc thercfor: safe from criticality even under condi-
tions of accidental precipitation, the uranium being cxpected to precipi-
tate with the plutonium.

The IB Colum scrub scction, the crosswover oxidation step, the
sccond and third plutonium solvint-cxtraction cycles, and the plutonium
concentration stop rely on safe columns and on safc (limitcd size)
batches for critical mass control,

The plutoniume-cyclc solvent=cxtraction columns conform to the safo
column specifications and are considered safc cven under conditions of
accidental plutonium precipitation,

All other plutonium-cycle vosscls are normally opcrated so as not
to contain more than 300-gram nominal batch size of plutonium, Corne
tinuouslyw~rcceciving tanks {IBP Recciver or 24F Tank, 3AF Tank, and
3BP Receiver) have an additional safety factor, Because they arc morc
liable to accidental overfilling, thesc vessels arc operated so that
they will overflow beforc they can contain a volume of solution which
would normally contain 600 grams, Unless the present continuously-
reeeiving tanks are roplaccd with tanks of smaller volume this requires
that the IBP stream be diluted with additional aluminum nitrate solue
tion when the plant is proccssing slugs with an exposure level of over
L20 megawatt-days per ton, This is accorplished cither by inercasing
the relative flow rate of the IBI stream or by adding aluminum nitrate
solution (IBP Butt) to incroase the volwnc of the IBP solution, Any
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of fwstandard Redox plutonium stroam to be roeproeccssed through the pluton-
ium cycles is similarly dilutced with aluminum nitrate solution to the re-

quircd cxtont, '

* Undetected procipitation constitutes a potontial criticality hazard
in batcheopcratcd vasscls as the resulbing plutonium holdup could make it
possiblz to exceced the maximum batch size, For this rcason plutonium
stream samples must be takcn periodically so that mateorial balances can
be made to detect plutonium holdup. Procedurcs for critical mass control
applied specifically to the plutoniwn sclventmextraction cycles and the
plutonium concentrators arc discussed in Chapters VI and VII respectively,

E. CONSEQUENCES OF EXCEEDING THE CRITICAL MASS

The accidental accurmlation of a eritical mass of plutonium in the
Redox Plant can result only frem a number of unusual events happening
togother, such as thosc listcd in Subsection D2, above, and is therefore
extremely wnlikely., If a critical mass i8 accidentally accwmlated in
any procecss vesscl, the outcome will depend largely upon the rate at which
the supcreritical conditions arc attainud, The possibilitics range all
the way from (a) simmering ot o tempcraturc slightly above that of the
room, through {b) slow boiling, and (c) boiling at a pressurc high cnough
to cject plutonium solution through the vent system to the atmosphere, to
(d) 2 steam explosion with a tomperaturc of at most 50009C, Cases {c) and
(d) are considercd coxtromely unlikcly., The most cxtrome conditions HCm
lieved at all likely if the critical mass is cxeacdud are: (a) development
of about two atmosphcres of absclute prescurc for less than 1/10 of a
sceond in the process vessel and (o) radiation sufficient to give a man
located behind 1-1/2 fect of concrotc shiclding a dosage of 70 rocntgens of
gamma radiation,
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CRITICAL P_LUTONUM

EFFECT OF SPHERE DIAMETER AND
TOTAL NITRATE CONCENTRATION

Thie figure is based on preliminary data cbtained from the Pile
technology Division. The curves are for 8tainless-steel spheres,
completely surrounded by a water reflector, and containing plutonium
‘rom slugs with L20 megawett-days/ton pile eaxposure, in aqueous
nitric acld solutions. Correction for the effect of the 0.05-in.
thick steinless-steel container wells has not been made, except
where noted. Some of the points shown reprasent direct experimental
results while others were obtained by interpslation and/or appli-
cation of caertain correction fectors

800
B 200 . NO4”/1.
=] - 139 g. NO3~/1.
(+ 1
£ B (100 g. NO,~/1.
o O
G 983 g. NO" /1.
700 |—
| o
2 O O
= O o
:‘§- B Do . N03'/1,
S
B © 0 g. NO,7/1,
() corrected for
0 effect of 0,05"
! itical mass for thick stainless~
X iteel container
' walls
600—
| |
{1 5 -3
Sphere Diamete ‘
L i | ]
40 30 25 22

Pu Concentration - Grams / Liter Corresponding

CDECISOFED



s LS




S w8760

- Figure XXV-2
CRITICAL M LUTONIUM
EFFECT OF TOTAL NITRATE CONCENTRATION
IN OPTIMUM DIAMETER SPHERES

This figure is based on preliminary data obtained from the Pile
Technology Division. The curves are for cptimm-diameter (12 to

15 inch) stainless-steel sypheres, completely surrounded by a water
reflsctor, and containing plutonium from slugs with 420 megawatt-days
per ton pile exposure, in aqueous nitric acid solutions. Foints
shown are the minimum points from curves similar to those shown on
Fig. XXV-I.
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| Figuws XXV-3
CRITICAL MY PLUTONUM
EFFECT OF PLUTONIUM CONGENTRATION IN GYLINDERS

This figure is based on preliminary data obtainad from the Pile
Technology Division. The curves are for stainless-steel cylinders,
completely surrounded by a water reflector, and containing plutonium
from slugs with 385 megawvatt-days per ton Pile exposure in aguecus
solutione containing approximately 2.0 M nitrate ion. Correction
for the effect of the stainless-steel container walls has been made
for all curves. Points shown were obtained by applying = stainless-
steel correction factor to direct experimental results.
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1,--Atomic Structure

According to the current conception of atomic structure, the atom
consists of neutrons, protons, and electrons. The neutrons and protons
form an assemblege called the nucleus eround which the electrons move in
orbits determined by electrical. forces. Simplified schematic drewings
of the structure of several atoms, indiceting the components of the nu-
cleus and the. orbital peths of the electrons,are shown in Figure XXVI-1.

.The weight of e neutron 1s very nearly equal to thet of a protom,
each heving essentially unit weight in the atomic scale, In comparison,
the weight of en electron is almost negligible, being only 1/1840 that
of a proton or neutron. Each proton carries one positive charge and
each electron,one negative cherge., Neutrons are electrically neutrsl.
The electricel attraction between the positively cherged protons of the
nucleus and the negetively charged electrons of the orbits holds the atom
together.

The. forces which act between the orvital electrons end the nucleus
are the familiar electrical forces of attraction between unlike charges
and repulsion between llke charges. This type of force does not, however, -
explain the cohesiveness of 8 nucleus which containg & number of posi-
tively charged massive protons in a volure only 107+ times ag lerge as
the volume.of the entire atom, These muclei ere held together by forces
which are peculiar to nuclei; strong attractive forces exist between sim-
ilariy.charged protons, between electricelly neutral neutrons, and between
neutrons end protons within the nuclear volume.,

The dlsmeter of &n atom is approximately 10,000 times as great as
the diemeter of its nucleus., Beceuse of this fect and the extreme small
size of the electrons, &n atom is mostly empty space vith minute electrons
revolving about an extremely dense nmucleus, It might be noted that the
atomic dismeter of the common isctope of uranium (atomic weight 238) is B
approximately 10"° contimeters and the nuclear diameter,apprcximately
10712 centimeters.

The nucleus is characterized by the atomic number and the mass num-
ver. The atomic number, Z, 1s a direct expression of the number of posi~
tive charges in the muclcus and is therefore equal to the number of pro-
tons. The mass number, A, is numoricelly cquel to the total number of
perticles in the nucleus, that is, the sum of the neutrons plus protons.
The absolute mass, M, of an atom is very nearly equal 1o the megs number,

The number of clectrons in & neutral atom determines the chemical
propertics of the element. Because the number of protons is equal to the
nunber of clectrons, onc may B2y algo thet the mumber of protons in the
nucleus determines the chemical propertics of the element. It is possible
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to have differcent mumbers of associated neutrons end therefore different
absolute mosses, M, in atoms of the seme clement., These different
species of the same clement are called lsotopes. Two isotopes of boron
oare shown in Fig, XXVI-1. The atomic weight, W, of & given eclement is
dependent on the rclative abundance of its different isotopes. The mass
numbers and rclative abundance of the known naturelly-occurring isotopes
&re glven in Table XXVI-2, The atomic welght of an element mny be
precisely calculated if the relative abundance end absolute mass, M, of
each isotope are’ known,

Since the number of protons in vorious isotopes of & given element
are exactly the same, the chemical properties of isotopes are identical,
Therefore, they cannot be scpareted by ordinary chemicel methods but
only by procedures which teke advantage of the difference in physical
properties due to the difference in absolute mnss of the atoms.

2. Rodiomctivity

The rotio of the number of neutrons to the number of protons in
stoble nuelei falls in & foirly well-delined and rether nerrow range of
values, If for some reason the rotio folls outside this renge, the
nucleus is unstcoble. Unstadle muclei accur in nature and olso freguently
result from nuclear reactions, An unsteble nucleus is said to be "radio-
active". It tends to adjust its rneutron-proton reatio with energy emission
to aguudre stability by o process calldéd "rodionctive decay".

In the process of acquiring stobility most radioactive materials
erlt either beta particles (electrons) or positrons (positively charged
particles of moss siniler to the electrong ), ‘which are often accompanied
by the emission of gomma roys (high-energy clectromagnetic reys).,
Furthermore, many of the maturally radionctive, and some of the artifi-
cially rodicactive, clements. emit alpha particles (helium nuclei of
mess four and positive cherge two), The rate at which these particles
oere cnitted is known os. the redionctivity, or just the "activity", of
the moterial. When the rate is high, the activity is saild to be high,
and vice versa. Each radicactive spccies hos a charncteristic rate ot
which its activity decrenses. The rotc of decay is usunlly expressed in-.
terms of the time required for the activity to decrease by one-half, '
This time is called the half lifc of the species. Half lives of artifi-
cially radicoctive species range from fractions of seconas to millions of .
years. A chart of the three series of natural radiocctivities and im~
portant related isotopes artificinlly produced is shown as Figure XXVI-3.

The activity of o redionctive mnterial is expressed in terms of the
nuuber of disintegrations of its atoms which occur each second, When
the number of disintegrations per second is equal to 3.7 x 1010, which
is the number of atons disintegrating per second in one gram of radium,
the sample is said to have onc curie of radiococtivity.

3. Induced Nuclcar Reactions

Nucleor recctions which ¢honge the ctomic number, that is, the
number of protons in the nucleus, actually convert one element into
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another. This process ls known as artificial trensmutation, Such
changes can be accomplished by bomberding the nucleus with suiteble
projectiles such as neutrons, protons, deuterons, and alpho particles. A
deuteron is the nucleus of the heavy hydrogen atom containing one neutron
end one proton, With the exception of neutrons, all of the aforemen~
tioned projectiles are positively charged, and tend to be repelled by

the positively cherged protons of the nucleus et which they are almed.
Therefore, it 1s difficult to introduce them into the nucleus unless

they are moving et extremely high velocities and with greet kinetic
energy. However, most "atom smoshers" such as the cyclotron are based on
the principle of imperting extremely high velocities to these positively
chorged particles and using them as projectiles to enter the nmucleus by

impact.

Also, it has been found that neutrons are very effective in entering
nuclei, This is due to the fact that they carry no free electric chorge
and consequently are not repelled by the positively cherged protons of
the muclei with which they come in contact, As o result it is not
necessery that the neutrons be ot o high velocity, In fect, in plutonium
production, it is essentinl thot they heve & relatively low velocity
(approximately 2 miles/sec.).

The most important types of ﬁuclear resctions involving neutrons
are the following:

(o) Impact without copture of the incident necutron,
{1) Elsstic impoct, with no emlssion of particles or radlations.

(2) Inelostic impoct accompanied by cmission of gommn rays.
These roys cre emitted by the excited mucleus as & means of
‘disposing of the energy scquired in the collision.

(b) Copture of the incident neutron followed by emission of a
nuclear particle (e.g., proton, alpha particle, or neutron).

(¢) Simple capture of the incident neutron without emission of a
mclear particle but with the crission of gomme rays. Where on
unstoble isotope is produced, the mucleus tends to stnbilize
1tself by emission of o bete poarticle {electron). Gommo rays
are often emitted sirmltaneously with the beto particles,

(a) Copture of the incident neutron followed by irmedinte fission
or splitting of the nucleus into two new nuclei, accompanied
by the emission of geveral free neutrons, Beto particles and
gomma Yoys ore nlso enitted due to the redionctive decay of
newly created unstoble macledi.

L, Moss and EnenggﬁRelationships

. The study of nuclear rcoctlons is entirely perallel to the more
fomilior study of chemical reactions, Ome mcets such fundomental concepts
as the equoation of the roaction, the procoss of baloncing the equation

DECLASSIFIED s




- o DECLASSIIED i

with respect to quantities vhich are conserved in the reaction, and the
rates of the reaction, In nucleer physics the nucleus is expressed by a
symbol which consists of the chemical abbreviation for the element with
the atomic number a8 a pre-sudscript end the msss number as the post-
superscript; for example:

9211238; 5B10; N
In this manual, the pre~-subscript is sometimes omitted,
Two different notetions are common in expressing the eguation of a

reaction. For example, the reaction between a neutron and a boron nucleus
(5Blo) can be written in the following ways:

5310+ gnles guiTs met 4+ g
boron neutron lithium helium energy
{alphe perticle)

or

-

810 (n, x) 1l

In the latter method of writing the reection, the first symbol within the
parenthesis indicates the projectile and the lmat symbol indicates the -
emitted particle,

In every nuclear reaction the total number of particles, protons
plus neutrons, is couserved. The total electricel cherge 1s also con-
served. For example, in the above reaction the belance is as follows:

Left Side Right Side

Total number of neutrons and protons 10 + 1 7T+ 4
Total charge 5+ 0 3+2

As in the case of chemical reactions, the energy belance of a nucleor
reaction provides an indication of the ease with which the renction can
be made to proceed, The reaction is exoergic or enocergic, hy anzlogy
with chemical reactions, asccording to whether the energy, Q, of the
reaction is'positive or negative. In the energy bvalances of nuclear
reactions there is a very striking equivalence between mess and energy
which is not detected in chemical reactions because of the relatively
small energies involved in chemical os compared with nuclear processes.
The energy unit of nucleor physics is the electron-volt, abbreviated e.v.
The electron-volt is generally defined as the amount of energy which a
singly charged particle, for example e proton or electron, has acquired
after folling through o potentianl difference of one volt. The unit has
acquired this form becnuse of the convenience of expressing the energy of
artificially accelerated atomic projectiles in terms of the voltage
used to accelerate them. This unit of energy is now universally used in
nuclear physics even when artificiel ccceleration is not involved. In
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many problems the unit electron-volt is inconveniently small. ¥For this
regson the million-electron-volt, abbreviated M.e.v. and equal to

10° e,v., is very often used, The comparative size of the electron-volt
end the more familiar unite of energy is presented in the following
tebulation:

5 x lO"'é2 erg
.6 x 107°_erg
1

Ve )

1

1.18 x 10713 £t,-1b,
3.83

L

le @
1l M.e.v, =
1 Maecvo -
« 3.83 x 1017 kg.~cal.
s 4,45 x 10720 kw.-hr.

l MlQ.VI
1l M.e,v,

The energy of thermal agitation of molecules is approximately 1/40 e.v.;
the energy of alphe particles from naturally redicective elements 1s
sbout 5 M.e,v.; and the energy of alpha particles accelerated by the
lerger cyclotrons is as high as 40 M.e.v, By contrast to the above, the
energy released in the fiselon of a uranium nucleus is approximetely 200
M.e.v. .

The equivalence of mass and energy, referred to above, is a develop-
ment of the theory of relativity. It is exprossed by the relation:

Em= mc2

wherc T is the energy in ergs; m, the mess in grams; and ¢, the velocity
of light in cm./sec.

Mess can be convertced into encrgy end energy into mass. When mass
disappears in a reaction, it eppears as encrgy of the reaction. The
equivalence between energy in clectron-volts and mass in atomic units 1is
set forth in the following relations:

One absolute mess unit = 931 M.e.v.

1 M.e.v. = 0,00107 absolute mass uniEs
One ebsolutc moss unit = 1,66 x 1072* g,
The energy equivalcnt of the mass of an
glectron = 0,51 M.c.v.

As an exomple of the use of the muss~cnorgy equivalence relation, it
is applied to predict the energy reloase of the neutron-boron reaction.
The reactlion is:

4

10 4 an* (slow) 1i| + ,He' + Energy
0 -3 2

Bosed on the etomic weights of these atoms, the mass-energy belence mey
be stated as follows:

10,01605 + 1.00893 —3 T,01804 + k,00389 + Encrgy;
or 11,02498 —=11,02193 + Energy;

and ' Energy = 0.00305 units of etomic weight.
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Therefore, the predicted energy of reaction = 0,00305 = 2.85 M.e,v.
0.00107
Phe predicted energy releasc of 2.85 M.c.v. ngrees with the experi-
mentally observed encrgies of the product nuclei.

B. NUCLEAR REACTIONS OF URANIUM

1. DNuclear Fission

A reaction which results in the splitting of & nucleus into two
approximotely equal parts is called fission. One of the most important
flseion reactions occurs in uranium miclei, In the most prominent reaction
leading to fission in naturally occurring uranium, an atom of %sotope
235 coptures a neutron to form an excited compound micleus U23 . This
nucleus decays predopinontly by fission but elso by gomme emission,
witg the result that a small amount of rather stablg (i.e., long-lived)
u23 is formed. The fission act of the excited Ue3 muicleus may be
likened, by anology, with the behovior of a ligquid drop of matter in
vibration., If, during these vibrations, there is o sufficient separa-
tion of the two nuclear masscs so thot the electrostatic forces of re-
pulsion between them cxceed the cohesive forces of "surfoce tension"
for the whole nuclear mass, then fission occurs. However, if the cxcess
energy given to the micleus upor. cepture of the neutron can be reloased
as gomwo rodiation from the vibrating compound nucleus, then a condition
of stobillty moy be attained without the occurrence of Tission. fThe se~
quence of events occurring in fission are illustrated in Figure XXVI-k,

The new nuclei produced by the fission reaction belong to clements
in the middle of the atomic series. The importance and great volue of
this reaction result from two of its foatures. First, each fission is
accompanied by the lorgest energy release vet obteined from o nuclear
reaction, Second, the fission reaction relemses neutrons in ocmounts
sufficient to mnke the fission reaction sclf~sustaining when the conditions
are properly controlled. The reactonts ond products of fission con be
Presented in the form:

: (0} two new nuclei
Uranium nucleus + single neutron —.y (b} several free neutrons
o {e) 1 ount of
¢} large amoun energy

At the instant of‘fracture_thc highly excited nuclear fragments hove
sufficlent cnergy to cject neutrons., A typicel renction might be:

%UEBS + in (SlOW) ey, (9211236) “"‘"5,361{1‘91* + 563&1}42

highly highly
excited excited

On the averoge, between two and three fost neutrons are cmitted by

the excited nuclei lmmedictely on fission, The emission of these several
neutrons for the single neutron captured mckes self-sustained fisgion
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possible. For example:.

361‘1‘91’ * 563-&1h2 > 361‘51”92 * 5613&1&1 +3 on’ + Energy

Even following neutron releese, the products ere unsgtable, due to
the unsatisfactorily high neutron to proton ratios of these nuclei.
The unstable krypton end barium nuclei decey by the emispion of beta
particles, resulting in conversion of neutrons to protons, in e so~-called
"piggion decay chein”. The decey continues from element to element until
a steble isotope is reached. For example, the above unsiable nuclel decay
with beta end gemma emission in the following possible fiselon decey chains:

R £ E B

36Kr924ffi+ Rb iii-as Br ’/ﬁ » Y //7 > honge (Btable)
A e g
2 L

56351hl Lns Ia A3 Ce 45?1—-———@» 59Pr11+1 (steble)

The tremendous energy released in the f{ission process mekes the re-
action importent as & source of energy for special applicetions, The
energy which is released erises from the excess mass of the original
urenium nucleus and neutron over thet of the final gtable products, in
accordance with the mass-energy equivalence. AN estimate of the megni-
tude of the energy relessed per fission can e obteined by considering
the reaction alreedy referred to:

235 141

92U + onl“ﬁ)(fiBSion and neutron emisslion -3 MOnge + 59Pr
followed by decay to stable
products )

+ 3 on1

To compute the amount of mess which is converted to energy, the
difference in the sums of the atomic weights is obtained.

Atomic Welght of Atomic Weight of
Original Particles Final Particles
gaU?3%  235.12%0 LaZT 0 91.9420
Onl 1,0089 59Prlhl 140.9590
1 _
or (3) __3.0867
236.1329 _ 235,977

Mass difference = 0,205 units of atomic welght

0.205
Energy released per fission = i -de.. * 180 M.e,.V.

(0,00107 mess unij't =1 M.e.v.) . ED
N DECLASSIF .
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The estimeted cnergy release 1s close to the acceptced average re-
lease of 200 M.e.v. per fission. Most of the energy appears as enorgy’
of the large fission fragments. This onergy is dissipated by heating of
the stopping meterials., The remainder of the cnergy appears as energy
of the gemma rays, beta particles, and neutrons which accompany the
Process, The distribution of the energy among the various particles is
as follows:

Kinetic encrgy of fission fragments 159 M,e.v.
Gamma radiations from fission preducts 23 M.e.v.
Beta radiation from fission products 11 M.e.v,
Kinetic energy of neutrons { M.e.v,

Total 200 M.e.v,

An intcresting and important feature in the decay of the fission
products is that, in the case of several of these products, the decay
proceeds with cmission of ncutrons. Radloactive bromine and iodine form-
ed in the initial fission reaction hove been identified as neutron emit-
ters. At least two other noutron emittors ere present but they have not
been identified. Neutron emission occeurs in those coses in which the
excess energy of a nucleus is so great that the excess camnot be dissipated
quickly enough by bots and gommo. emission alone. The neutrons which are
emitted in this fashion arc called "delryed neutrona”. The growth and
decay of delayed neutron ectivity is very similer to that of beta activ-
ity.

2. Tormation of Plutonium

Plutonéum is formed from uranium by nuclear renctions involving
isotope y<e3°, Thus, slow neutrons and resononce neutrons mey be captursd
by this nucleus to give U239, which decays by beta perticle emission to
element 93, or neptunium. The beta-unstable neptunium isotope, N??39,
then decays to eclement Ok, which is ecalled Plutonium, The series of
reactions leading to the formation of Plutonium is given as follows:

235 5 239
(] —= c . o+
2 % 23.5 min. 23" -ltg
93Np239 - } 9};_1311239 + -1 @ + E

t% 2.33 days

Plutonium itself is rodiocctive cnd decays by alphs perticle emission
to uranium, according to the reaction:

35 + Hel‘L

239 2
ghFu ooV 2

t3 24,300 yr.

Since the half life of Pu239 is 24,300 years, it is relatively
stable and cen be monufactured and retained in quantity. However, to
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produce the mataiial, an intense source of neutrons must be available,

since 2.52 x 10" neutrons are required for each gram of plutonium,

Such & source of neu5§pns is provided by the excess neutrons from the
figsion of isotope U 2 Thus, the process for producing plutonium

consists of providing ths gonditions necessary for slow neutrons to stexrt

the fission of isotope U 3_ and then to slggadown the resulting fest neutrons
50 thet some of them are captured by the U ucleus, At the same time,

ot least one new neutron Irom eac53%tom of U237 figsioned must be evailable
to continue the fission of more U end so maintein the chain reaction.

3. The Plle

The structure in which the urenium chain reaction for the production
of plutonium is carried out is called & pile. The Henford piles consist
of structures made up of grephite blocks arrenged in the form of rectangu-
lar prisms cpproximetely 35 feet wide end high end 8 feet long. The
graphite prisms are pierced with 2004 holes in the form of cylindrical
chennels. Each channcl is lined with cn cluminum tube in which the
cylindrical aluninum-jacketed uranium pieces, celled "sluge", are placed.
The heat of the plle reaction is removcd by cooling water which 1s forced
et high velocity through an snmilar space between the slugs end the tube,

The reaction rate (or power level) of the Hanford piles 1s determined

from the temperature rise and knowm flow rate of the pile cooling water,

ond 1s measured in megewetts. The irrodiotion thot the urenium receives
in the pile is meosured in megowatt-deys per ton of uronium, The emount
of plutonium produced in the urcnium is dependent upon the irradiation
the slugs receive. The relation between the irradiation level, in
megewatt-deys per ton of uranium,and the groms of plutonium produced per
ton of uranium 1s approximately as follows:

I —
Irredintion Levels in
Megewatt-Doys/Short Ton of Uranium

200 éoo 500 900

Grams Pu/Megewatt-Doy  0.930 0.905 0.88 0,8

Groms Pu/Short Ton U 185 360 530 760

Plutonium isotopes other than Pu?39 es woll as higher transuranic
elements, such as emericium and curium, are elso produced in small

. quantities by neutron renctions in the pile., Americium end curium,
. both alpha-particle emittors, arc troublesonc to separations processes
in thet, unless properly corrected for, they confuse the routine radio-

agsey for plutonium %R the first process waste strecm. Otheg Blutonium
isotopes (such ag Fu 0y et to imhibit the recctivity of Pu 37, These
undesirablc lsotopes are produced in jincreesing quentities with increased
exposure of uronium in the pile, in megowatt-days/ton of uranium.
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C. THE FISSTON PRODUCTS

1l. Formation end Fission Yicld

The two nuclear fragments which are formed during the fission of
e heavy isotope, such as Ue3 s 8re celled fission products. The masses
(and mass numbers) of these fregments very considerably because of
variations in asymmetry of the urenium nucleus at the instent of fission.
In 811 cases, however, the sum of the mass numbers of the two fragments
Plus the liberoted neutrons must totel to 236, the mess mumber of the
cxcited compound urenium nucleus, Thus, if two neutrons are liberated in
o given fission reaction, one may find n lerge number of possible com-
binetions of mass numbers, such as 160-Th, 15975, 158-76. . .. 140-94
139-95, 138-96 . . . . , 118-118, 117-117. The probability of o fission
fragment with o given mess mumber resulting from fission is called the
fission vield. Thus a 5.6% figgion yield for mass mumber 135 indicotes
that for every 100 atoms of U2 which fission, 5.6 fission frogments of
moss number 135 are formed, The fission yield is based on mess number
rather than etomic number because the elementsl composition 8§5the Tission
products changes with time as a result of bete decay., The U fission
yield versus mas? ?umber curve, based on date obtained by Plutoniun
Project Chemists(l » is shown on Figure XVI-5,

Al)l of the redioactive fission products which have been identified
thus far in pile fission meterizl are shown in Flgurc XXVI-6. The beta
decay of a given chain Proceeds upword on this figure, For exanple,
the teble shows that the decey of a Tission fragrent of mess number 105
proceeds as follows:

- - 8"
.8 3 o 8 :
h2M0105 xﬁ:-—g u3Tc105 Aiiun—n—thRu;0545:1*§ Q5Rh105‘5$:Pd105 (stable)

The approximately 180 known rédioactive fisslon products occur in more than
&0 decay cheins, en everage of approximately 3 members per chain,
Theoretically, there should be, on the average, between 3 and & members

per decay choin, The fact thet the average chain length 1s only about

3 indicates that there are ather rodioisotopes which have not yet been
ldentified. Most of these fission products, however, are very short-

lived or very long-lived so that it is difficult to conduct experimental
studies to identify themn.

2. TFission Products Important in Plant Operations

In normnl operation of the plant, the uranium metal slugs are irrp-
diated in the piles for periods roanging from sbout 9-1/2 months to obout
twe years and then are storcad for o period of 40 to 90 deys before being
processed. The variations in irradiation time are necesstory to balance
the effects of diffcrences in neutron flux at different points in the
pile and differences in pile power level (normally 300 to 500 megawatts ).
A "cooling"ogéme of 40 to 90 days is normally used so that gamma-emitting
2.33-day Np™~~ will decay to Plutonius andlgio-day 7131 will decay to
low enough concentration levels that the I discharged to the atmosphers
during the scparations Processing will not constitute o health hazard in
§5§round1ng Bregs. Also, other short-lived activities (such as 1ll-hour

- 17-hour Zr cte.) decay to negligible levels,
- DECLASSFIED emmm
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The importent longelived activitles which remain efter the "cooling"
period are tabulated in Chepter II.

3. Activity end Heating Effects of Fission Products

During the operation of the pile there are 3 x 1010 fissions/second
occurring for each watt of pile power, Thus, for a plle gperating at
325 megawetts there ere 325 x 10° x 3 x 1010 = 9,75 x 1010 fissions/second,
8.% x 1023 fissions/day, or a total of 1.6 x 1024 figsion fregments/day,
Since all of these fission products de not decay immediately to stable
isotopes, redicactive isotopes accumulate in the pile metal, The rate of
sccumlation is governed by the pile power, and the totel radioactivity
ig & function of the time of operation.

The overall change in the redioectivity of irrediated uvranium, as
measured in curies, is not a simple function of the number of fission
fragments which have been produced, since (a) the half life of each of
the many radioisctopes governs its disintegration rate end (b) meny
radioisotopes decay to daughter activities which contribute to the
overall dieintegration rete., The redicactivity of individual fission
products %n the urenium may be calculated by use of the following
equations! 5 ‘

A= k(j-etiy(eMy (1)
1‘.‘(,’1_{1d |

B - K{{ |~ ..6-»)\43; . __._)_\Z\- AD{C AT eqbduz] e:)\gtc
L2 fmeulle i —e )

where . A\ = activity in curies/ton U from parent isotope;

=B
i
t.

)\P = decay constant of parent isotope;

activity in curies/ton U from deughter isotope;

irredistion timo;

"ecooling" time;

>\i= decay constant of daughter isotope;

(decey constent = 0,693 )
'’ half life

k = 0.86 x 10° (fission ylold) (megawat_t-gaxsztog Uls
Bys exposure

€& = the base of naturel logarithms = 2,718,
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Half lives, irredietion time, and "cooling” time must be expressed
in the same time urnits (i.e., hours, deys, or years). When using these
equations to calculate rodioectivity in the motal feed to the separations
plants, only the relatively long~lived fission products &nd those daughter
fission products which have long=lived percnts need be considered, as may
be seen from Toble II-5 in Chapter II,

As en exemple of the use of Equ@%ion (1), it is used to calculate
the radioactivity from long~lived Sr%” in wrenium slugs which have
reccived an integrated exposure of 400 megavett~deys fton over a period
of 360 days in the pile and have then been "cooled" for 90 days as follows:
589 neir 1ife = &b days;

519 rigsion yield = Lk 7%,

o
i

6 Y8y T - A-10.693 (e - (0269 '
0-86 x 105(0.047) () 1 - 2 (2:220) (360)] [ (2=5) (90)]

4.5 x 101* { 1 )(0.315) = 1.4 x 103 curies/ton U,

[}

The overell chengc in the redioactivity of metel which hes been irrediated
in the pile and then removed, and the decay of the radiocactivity of
individual fission products are discussed in Chepter IT.

The heating effects of the redioactive fission products may be
calculated from the energies and ebsorption charecteristics of their beta
and gamma radiations. The power developed by fission-product radiations,
without considering their absorption in surrounding matter, mey be
ovtained from Figures XXVI-7, XXVI-8, and XXVI-~G, In the exomple below,
Figure XXVI-7 is used to calculate the total heat generated iw an under-
ground storage tank.

One 750,000 gal. wastc storage tank, when full, conteins the fission
profducts from approximately 250 tons of irradiated uranium. If this
uranium was irradiated for 100 days at Loo megawetts in a 200-ton pile
and the average time elapsed since its discharge from the pile is 175 days,
it mey be determined from Figure XXVI-7 that the total watts of fissjone
rroduct rediation power per 200 tons of uranium Processed per watt of
rile power level isg 1.55 x 10™% watts. The total bower is then

1.55 x 10"1‘)(&00):: 108) (250) ., 7.75 x 10" watts,
200

or 264,000 B.t.,u./hr. On the essumption thet all of this energy is
absorbed in the tank liquid, approximately 250 pounds of water are being
evaporated and refluxed back to the tank by the air condenser every hour.
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Figure XXVI-|
COMPONENTS OF ATOMS

URANIUM
BORON BORON
ATOM OF ATOM OF
ATOMIC ATOMIC

HYDROGEN WT. 10

T~
@?89\ \
/ \
l\ 148 NEUTRONS I

(THE NUCLEUS IS SHOWN

EXAGGERATED IN SIZE RELATIVE
TO ELECTRON ORBITS)

LEGEND
O NEUTRON SEVEN ORBITS CONTAINING A TOTAL
@ PROTON OF 92 ELECTRONS
® ELECTRON
DESIGNATION ELEMENT HYOROGEN BORON BORON URANIUM
z NUMBER OF PROTONS | 5 5 ”
A-2 NUMBER OF NEUTRONS o s ¢ 146
A MASS NUMBER I 10 n 230
2 ATOMIC NUMBER | 5 5 92
SYMBOL f 10 238
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DECLASSIRE!
MASS NUMBERS AND ABUNDANGE OF
ISOTOPES OCCURRING IN NATURE
ATOMIC
NUMBER , MASS NUMBER, ATOMIC
A TLEMENT S, A (PFRCENT ABUNDANCE) _ WEIGHT
0 Neutron n 1 - - . )
1 Bydrogen i 1({~100), 2(0.016) 1.0080
2 Hellum He 1(0.00011), U{~ 100) k.003
3 Lithium Li 6(7.35), T(92.6) 6.940
4 Beryllium Be 9(100) 3.013
5 Boron B 10(18.8), 11(81.2) : 10.8p
é Carbon ¢ 12{98.9), 13(1.1) 12.01
T Kitrogen N 14(99.6), 15(0.38) 1k.008
8 Oxygen 0 16{99.76), 17(0.039), 18(0.20) 16.0000
9 Fluorine r 19(100) 19.00
10 Naon Ne 20(90.5), ~1(0.28), 22(9.71) 20.183
11 Sodium Na 23(100) 22.997
12 Magnesium Mg 2k(M8,6), 29(10.1), 26(11.3) : 2k, 32
13 Aluminum Al 27(100) 26.97
1h Siligon si 28(92.22), 29(b.70), 30(3.08) 28,06
15 Phosphorus P 31(100) 30.98
16" Sulfur 3 32(95.1), 33(0.7h), 3b(L.2), 35(C.016) 32,006
17 Chlorine cl 35(75.4), 37(2L.6) 35,457
18 Argon A 36(0.3%), 18(0.08), 40(99.6) 39.944
19 Potassiua X 39(93.2), 40(0.011), k1(6.8} 39.096
20 Calcium Ca h0(96.9), bh2{0.6h), W3(0.1k), 4h(=1), %£:0.0032), 48(0.18) Lo,08
21 Scandium 8¢ Ls(100} k5,10
22 Titanium T L6{B.0), LT7(7.8), BB(TI.L}, bG(%5.5), SO(-.3) L7.90
23 Vanadium v 51{100) 50.95
2k Chromium cr 50(k.b}, 52(83.7), 53(9.5), Sk(2.4) 52.01
25 Manganesse Mn 55(100) 54,93
26 Iron Yo 5h(5.9), 56(91.6), 57(2.20), =5(0.33) 55.85
27 Cobalt Co 59(100) 58.94
28 Wickel N4 58(67.9), A0(26.2), 61(1.2), €2(:.7), 64i1.0) 58.69
29 Copper Cu 63(69.0), 65(31.0) 63.54
30 Zinc In 6u(48.9), 66(27.8), 6T(k.1), €B(19.6), 72(.63) 65.38
! Gallium Ga 69(60.2), T1(39.8) . 649.72
32 Germanium Ge T0{20.6), T2(27.h), T3(7.7), Th(26.6), 74(".T) T2.60
33 prsenic Ae 75(100) Th.91
kL Selenium Se Th{0.87), 76(9.0), 77(7.6), T8{r3.5), % (h1.8), B2(9.2) T8.96
3% Bromine Br 79(50.6), 81(49,.k) T79.916
36 Xrypton Kr 78{0.34), 80(2.23), B82(11.5}, B3{11.5), -WI57.0), B6(L7.4) 83.7
37 Rubidium Rb 8%(72.8), 87(27.2) 85.48
38 Strontium Sr 84(0.5%), 86({9.8), B7(7.0), 88(8a.7) B7.63
39 Yttrium Y 89(100) 88.92
Lo Zirconlum Zr 90(51,5), 91{11.2), 92(17.1}, Fu(17.4) va(:.80) 91.22
(%% Nioblum 1) 93(100) 92.91
k2 Molybdenum Mo 9@(%5.7;, oh(9.3), 95(15.7), 96(16.5), «'(+.5}, 98(23.9}, 95.95
100(9.5
L3 Techoetius Te (99)
bl FRuthenium Ru 9&55.;),)98(2.22); 99{12.8), 100(22.7), 191(17.0), 102(31.3), 101.7
104(18.3
s Rbodium Rh 103{100) 102.91

{continued on
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ATOMIC i
WOMBES: , MASS WUMBEER, ATOMIC
z ELEMEWT BYN, A (PERCENT ABUNDANCE WEIGHT
HYS Palladium Fa 102(0.8), 104(5.3}, 105(22.6), 106(27.1), 108(26.7), 106.7
110(13.5)
W7 Silver Ag 107(%1.k) 105(k8.6) 107.88
1.} Cadnium ca 106(1.22), 1068(0.92), 110(12.%), 111(12.8), 112(2k.0), 112.41
113(12.3), 11a(28.8), 116(7.6)
hg Indium ¢ 13(k.2), 11%5{95.8) 11k.76
%0 Tin 8n 112(0,95), 118(0.65), 115(0.3h), 116{1k.2), 117{7.6), 118.70
118(2k.0), 119(B.6), 120(33.0), 1ea(k.T), 12k(6.0}
51 Antimony 8o 121(57.2), 123{h2.8) 121.76
2%  tellurium Te  120(0.091, 122(2.5), 123(0.88), 12k(k.6}, 125(7.0), 127.61
126(18.7), 128(31.8), 130(3h.8)
X} Iodine 1 127(100) 126.92
Y Isnon Ie 124 (0.094), 126(0.088), 128(1.92), 129(26.24), 130({k.0%)}, 131.3
131(21.2), 132(26.93), 134({10.52), 136(8.93)
b ) Cosium Cs 133(100) 132.91
=6 Barium Ba 130(0,101), 132(0.097), 134(2.42), 135(6.6), 136(7.8), 137.36
137(11.3), 138(7L.7)
57 Lanthanum La 138(0.089), 139(99.9) 138.92
=8 Cerium Ce 136(0.19), 138(0.26), 140(88.47), 142(11.08) 1k0.13
=9 Prasecdymium Pr 1k1(100) 10,92
60 Neodymium nd 1h2(27.1), W3{12.2), Wh(23.9}, 145(8.3), 1k6(17.2), 1kk.27
1%8(%.7), 150(5.6) .
61 Promethium Pm (187)
62 Samarium gn 1M8(3.1), 14T(15.0), 1k8{(11.2), 159{13.8), 150{7.h), 150.43
152(26.8), 13k{22.T)
63 Eurcpium Zu 151{k7.8), 153(52.2) 152.0
6k Gadolinium G4 152(0.20), 134(2.15), 155(18.8), 156(20.6), 157(15.7), 1%6.9
158(2k.8), 160{21.8)
65 Terbium ™ 159(100) 159.2
66 Dysprosium Dy 156(0.052), 198(0.090), 160(2.29), 161(18.9), 162(25.5), 162.46
163(25.0), 16k(28.2)
67 Holmium Ho 16%(100) 16h.54
68 Irbium Er 162%0..‘13?), 164(1.56), 166(33.8), 167(22.9), 168(27.1), 167.2
170{1k.9
69 Thuliums T= 169(100} 169.4
(] Ttterblum o 168(0.180), 170{3.03), 1T1(1k.3), 172(21.9), 173(16.2), 1Th{31.8},
176(12.6) 173.04
ol Lutetium Lu 175(97.k);, 176{2.60) 174.99
T2 Hafnium Bf 1&50.1&}, 176(5.2), 177(18.4), 178(27.1), 179(13.8), 178.6
180(35. .
T3 Tantalum Ta 181(100? 180.88
™™ Wolfram U] 180(0.1k), 182(26.2}, 183(1k.3), 18%(30.7), 186(28.7) 183.92
™ Rbenium Re 18%5(37.1), 187(62.9) 1B€.31
16 Osmium Os 16k(0.018), 186{1.58), L8T(1.6), 188(13.3), 189{(16.1), 190.2
190(26.k), 192(k1.0)
T Iridium Ir 191{38.5), 193(61.5) 193.1
18 Platinum Pt 1350.01)3), 192(0.78), 19%(32.8), 195(33.7), 196(2%.k), 195.23
198(7.2
79 gold Au 197(100} 197.2
8o Mercury Hg 196(0.155), 198(10.1), 199(17.0), 200(23.2), 201(13.2}, 200.61
202({29.6), 208{6.7)
8 Thallium 23 203(29.%), 203(70.5) 206 .39
82 Lead Pb 20k(1,3), 206(26), 207(21}, 208(%52) 207.21
83 Plemuth BL 209(100) 209.00
84 Polonium Po 210
85 Astatine At {211)
86 Redon Rn 222
87 Francium rr (221)
a8 Redium Ra 226.0%
89 Actinivm  _ Ac e
90 Thorium i m 232(100) 232,12
91 Protactinium Pa _ 231
92 Uranium 1] 234(0.0057), 235(0.71), 238(99.28) 238.07
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FIGURE XXYI-3

THE THREE SERIES OF NATURAL RADIOACTIVITIES
INCLUDING RELATED ISOTOPES ARTIFICIALLY PRODU
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FIGURE XXVI-4

FISSION ' OF URANIUM

Liquid Drop Model

ol

Uranlum nucleus in normal sphericol
shape captures a neufron.

2 .

/4 ")

N - 7
The energy Iimported to the
nucieus oppears os motion of the

entire  droplet (nucleus),
3
W
Violent osclilations may draow

the droplet (nucleus) info o dumb-
bell shope.

4
(O

VYoriotions in oscillotions result in
unequol  distribution of mass. Electricol

repulsion acts to push ends farther
opart.

5
*‘Q-; I

Fracture occurs

resuliting In
two fission fragments.

The fragments ottempt to
aocquire stobllity by emission of
neutrens.
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Figure XXVT-5

U D CURVE

Source of Data: J. Am. Chem. Soc., £8, 240, (1946)
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FIGURE XXVI-6

A CHART OF THE RADIO-ISQTOPES PRODUCED IN PILE FISSION
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FIGURE XXW1-7
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DIDEX

ACID deficiency
definitien, 109, 323
effect on sclventeextraction de-
contamination, 323, L15.16, L19
Agitators, 160L-6
Alpha counting, 2003l
Alpha particies, 2102, 2603
Alpha particie absorption, 2202
Aumdlnum nitrate
analytical determination, 2005
distribution ratios, 492
properties of aqueous solutions,
LLEL51
soiﬁbility in aqueous solutions,
8
solubility in hexone, LT
solution preparation, 802-L
Alumimun nitrate recovery
equipment provisions, 1215
process description, 1012-13
Aluminum Nitrate Storage Tanks,
S5~111, S8-112, 85-113, 1309
hmercoat protective coatings, 2311-12
Americium g
analytical determination, 2017-18
distribution ratiocs in I4 Column,
L17-18 :
formation, 2610
- Armmeters, 1928
Analytical methods, 2001-28
chemical determinations, 200%-17
definition of terms, 2003
physical properties, 200Lw5
radiochemical determinations,
201727
Antidotes
ritric acid, 2L10
nitrogen oxides, 2412
sodium dichromate, 241k
sodium hydroxide, 2413
sulfuric acid, 2413
Aquecus make-up, 001wl
flow sketch, 302
procedures, (033
process descriptien, 802~3
tanks, 1308-9
ftomie structure, 260243

DECLASSIFIED

SETA particles, 2102-3, 2603
Beta particle absorption, 2202
Boiling points
aqﬁgous aluminum nitrate solutions,
. uh0
agueous uranyl nitrate solutions,
L53
hexone, Ll
hexone-water azeotrope, LbLh
salt wastes, LS50

CANYON description, 110710, 1106m12
Capacity (alsc see flooding capacity,
rangeability)
plant design capacity, 103
plutonium concentrators, 703-L
solventmextraction columns, 1402-I
Caustic »~ see Sodium hydroxide
Caustic Storage Tanks, SQ-101,
$1m102, 1309
Cell layout, 11070
Cell sprays, 1110
Centrifugation, 31819
Centrifuge, Hw2, 1605-0

" Cerium

analytical determination, 2018
distribution ratios, L8586
Cesium '
analytical determination, 2019
distribution ratio, L85
Chemical handling precautions,
240Ca15
Chemical makemup - see Aqueous
makemup
Chemical requirements
aqueous make=up, 002
ltedox process, 120
Chemical storage tanks, 1309
Chemical Tank Farm, 211.S, 1104,
1120-21
Chromium
analytical determination, 2006
distribution ratio, L9192
Clarity measurement, 317
Clarification and scavenging
adsorption of plutonium, 313, 321



Clarification and scevenging (cont.)
adsorption of zirconium and niobium,
318-19, 320
clarification, 317
centrifugation, 318-19
centrifugation without scevenging,
322-23
centrifuge cake physical properties,
316, 321
centrifuge cake removal, 320, 321.2
centrifuge cake washing, 319-20
general discussion, 31%.17
MnO» methods, 320-22, 331-33
procedures, 331 33
purpose, 315« 15
scavenger adsorption efflcien01es,
319, 320
scavenging agents, 315
Super Filtrol methods, 318-20, 332-33
Class I locations, definition, 2402
Class I vessels, 1302 .
Class II vessels, 1302
Class IIT vessels, 1302 .
Closed-cycle extractor, 505-7
Cocurrent extraction, 50k
Colburn equations, 51k, 515
Columns, deentreinment, 150k-5
Columna, distillation - see Hexone
Distlllation Column -
Column removal equipment, 1807- 8
Columns, solvernt-extrection, 517-Ok,
14017
(Also see First BExtraction Cycle,
Second and Third Pu Cycles,
Second and Third U Cycles)
capacity, 1402-3
compound type, 512
"erud" formation, 553-054
design bases, 535-59
design specifications, 1402-%
detail drawings, 1L05-6
development of specifications, 535-59
differential pressure instruments,
1921.2h
duwal-purpcse type, 512
emulsification, 55b
fission-product decontamination,
25159
interface control system, 1921-“3
off-standerd conditions, detection
end remedies, S13-19

DECUASSFED

Columns, solvent-extraction (cont.)

aperating dimgrams, S517-30

operating problems, 553-55

operating procedures, 502-13

pilot-plant deconteminetion per-
formence, 557-59

pressure taps locetion end use,
550-53, 615-16

rengeability, 5k0-50, 1403

reference drawing numbers, 1407

removal equipment, 1807-8

scale-up factors, 531

simple type, 512

gpecifications, 1402-7

stage requirements, 528..30

transfer unit requiremente, 528-30

types, 509-12

variables effecting performance,
413-1k, 530.35, 553-65

Column IA

americium distribution ratios,
417-18

chemical properties of the IA
system, 417

decontamination, 422, 554-55

design basis, 541.42

detail drawings, 1405-5

fisgsion-product distribution
ratios, 487

H.E.T.3., and H.T.U. calculations,

- 517-5p1

neptunivm distribution ratios,
Lig.19

operating dimgrams, 517-21, 524-25,
553-5k

physicel properties of thse IA
system, 417

plutonium equilibrium diegrems, 475

process description, 415-22

specifications, 1404.5

uranium equilibrium, 458-59

vrenium equilibrium diaegrems, 459

waste losses, factors &ffecting, 420

Column IB

chem¢cal rroperties of the IB aysiem,
423-25

decontemination, 427

design basis, 54a-4k

deteil drawings, 1400

opereting disgrams, 525

oxidetion-reduction potentials,
h23-2L
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Column IB (cont.)
physical properties of the IR
system, 423
plutonium distribution ratios,
425
plutonium recovery, 427
process description, L22-27
specifications, 1405
urenium recovery, 4o5-27
Column IC
chemical properties of the IC
system, 1428
decontemination, 429
design basis, Shk
detail drawings, 1406
H.E.T.S. end H.T.U. calculations,
521-24
operating diagrams, 521-24, 526
vhysical properties of the IC
system, 427-28
process description, 427-30
specifications, 1405
uranium equilibrium diagrems, L70
waste losses, factors affecting,
L2g
Column IO
design bagis, 550
operating conditions, Gl0-11
process description, 905
specifications, 1405
Column IS
design basis, 543.50
operating diagrams, 528
specifications, 1405
Colimn 24
chemical properties of the 2A
system, 433-39
decontamination, 440
design besis, 545
onerating diagrams, 527
process description, 438-40
specifications, 1405
wacte losses, factors affecting,
439
plutonium equilibrium diagrams,
47575
Column 2B
chemical properties of the 23
system, 440
decontemination, &40
design besig, 5k5-L47
operating diagrams, 527-28
plutonium egquilibrium diagrems,
L7575

NECLASSIFIED

JFCLASSIRED

Column 2B (cont.)
process description, 440
specifications, 1405
waste lesses, factors affecting,
Lho
Column 2D
chemicel properties of the 2D
system, 431-32
decontamination, 432
design basis, 545
operating diagrams, 527
physical properties of the 2D
system, 431 '
prrocess description, 430-32
specificetions, 1405
waste losses, factors affecting,
k32
Colum 2E
chemical properties of the 2E
system, 432-33
decontamination, 433
design basis, 545
operating diagrems, 527
physical properties of the 2
system, 432-33
process description, 432-33
specifications, 1405
waste losses, 433
Column 34
design basis, 547-48
cpereting diagrams, 527
Process description, M40
specifications, 1405
Column 3B
design basis, 548
operating diagrams, 527-28
process description, 44O
specifications, 1405
Column 3D
design basis, 545
operating diagrams, 527
process description, 433
specifications, 1405
Column 3E
design basis, 545
ocperating diagrams, 527
process description, 433
specifications, 1405
Compound column, definition, 512
Compton scattering, 2205
Concentretion - see Uranium concen-
tration, Plutonium concentration,

Weste concentration

-k



Concentrators, 1508-15
Condensete evaporation, 102728
Condensate Evaporator, D-4
Condenser D-3, 1517-19
deconteminetion performence, 1016
deentrainment, 1503-6
description and details, 1517-19
cperation, 1027
Condensate Stripper, D-5
Condenser D-6, 1515-17
deentraimment, 1503-6
description and details, 1515.17
operation, 1027.28 :
Conductivity
nitric acid-hexone solutions, U4S
uranyl nitrete-hexone solutions, Lhh
Conductivity-type liguid-level instrw-
ments, 1930
Connectors, 1805-6
Contamination clean-up, 2301-15
Contemination limits, 2105-6
air, 2105
drinking weter, 2105
personnel, 2105-6
Process and service arsas, 2105
Continuous processing, 116
"Cooling", 203-7, 2511.12
"Countable" curie, 205
Countercurrent multicontact extraction,
50k-5
Cranes
aids to operation, 1804-5
Canyon crenes, 1802-3
Silo crane, 180k
Cribbing radioactivity limits, 1017
Cribs, 1019, 1105, 1125
Critical mess control, 119, 509-11,
711-12, 2501-8
consequences of exceeding the critical
mass, 2508
methode, 2504-5
plutonium concentration step, 71l-12
procedures, 609-1L, 711-12, 2505,
2507.8
solvent-extraction cycles, 50%-11
specifications, 2506-7
Critical mase of plutonium, 2502-k
Cross-over oxidation, 434-36
alternate oxidants, 437-38
factors affecting, 435.35
plutoniun chemistry, 450
procedure, 511

TDECLASSIFIED

oy

Cross-over oxidation {cont.)
process description, L3k-35
proposed equimment chenge, 1211-12
rates, l‘-35) LG50

"Crud", 553-04, 9ok

Curie, 205, 210k, 2603

Curium
analyticel determination, 2017-18
formetion, 2510

DECONTAMINATED UNH Storege Building,
203-8, 1104, 1123
Decontamination fector
definition, 107-8
relation between individusl and
overall D,F.'s, 488-89
single betch extraction, 4B87-88
Decontamination of surfaces, 2301.15
clothing, 231k
concrete, 2308
glonss, 2308
influencing factors, 2303-k
iron and carbon steel, 2307
lucite, 2308-9
protective coatings, 2311, 2312,
2313
skin, 2313-1k
stainless Bteel, 2305-T
wood, 2309
Decontamimantion performance
ag 8 function of fission-pro-
duet distribution ratiocs, 487-90
a8 a function of number of stages
or transfer units, 554.55
experimental solvent-extraction
studies, 555-59
pllot-plant solvent-extraction
columns, 557-59
ruthenium distillation, 309, 490
waste evaporators, 1016
ziﬁconium and niobium scavenging,
90
Decontamination sections
design baegis, 531~50
Deentraimment, 708, 709, 1017-18,
1503-6
Demineralized water
make-up, 802
service system, 111k
storege and routing, 802
specifications, 1114

DECLASSFED
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Demineralized Water Storage Tank,
SW-131, 1309 '
Density
analytical determlnatlon, 2004-5

agueous aluminum nitrete sclutions,

148-49
aguecus plutonium nitrete solu-
tions, W5h-55
agueous uranyl nitrate solutions,
308, L5z
column solutions, 551-62
effect on flooding capacity, 532
hexcne-water solutions, Lk
indicating column performance,
551-53
wixed solutes in hexone, hi&
Design besis
Redox Plant, 103
solvent-extraction columns, 535-59
Differential pressure instruments,
1923.25
Diffusion coefficient of uranyl
nitrate, 454
Diffusivity, 533
Dinitro isobutane analytical deter-
mination, 2007-8
Disengaging time, 46465
IA Colurm system, 455
effect on emulsifying impurities,
155 .66
Disengeging secticns, 51C,531
Digsolver off-gas scrubbing,
326-27, 331
Dissolver solution
emulsification characteristics,
317
oxidation, 309-15, 331-33
specific gravity, 308
storage, 331
Dissolver solution treatment - see
Clarification and scavenging,
Ruthenium distillation, Feed
adjustnent
Dissolvers, A-2, B-2, C-2
description and details, 1306-7
desentrainment, 1503-0
Dissolving - see Slug dissolution
Digtribution retio
definition, L0k
effect of complex ion formation,
+1.0
effect of hydrogen ion concen-
tration, 409

[ECLASSIFIED
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Distribution ratio (cont.)
effect of oxidation state, 40§
effect of salting strength, h06 7
effect of solvation, L05-6
effect of temperature, 408
Distribution ratios
eluminum nitrate, 492
americium, 418
beta-emitting fission products,
L78-79
coriun, 485-85
cesiun, 486
chroniun, 491-92
ferrous sulfamate, 49Ol
fission products, 478-87
garma -emitting fission products,
479-80
iron, 492
lanthenum, %87
neptunium, 418-19, 475-77
niobium, 483-85
nitric acid, L490-91
plutonium(III), Lak-25, 474
plutoniun(IV), 425, k73-7h
plutonium(V), 473
plutonium(Vi), 470-73
ruthenium, L80-83
rutheniun nitroso complex, 482-83
sodiun, 492
sulfamic acid, 491
zirconiun, 483-85
Distributors, 531-32
Diversion boxes, 1124.25
Dual-purpose columm, definition, 512

I

ELECTRICAL connectors, 1805-6
Electrical equipnent

Building 275-8, 1122, 2hok

Canyon, 1110, 2405

Silo, 1112, 2&00
Electric poWer distribution, 1115-18
Electrons, 2602
Electron-volt 2505-5
Emulsification

caused by sludge carryover from

dissolver, 335-35

during solvent pretreatment, 905

effect on colunn operation, 564
Enuleifying impurities

effect on disengaging time, 405566

silica in dissolver solution, 317
Energy equivalents, 2606
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Englneering Flow Diagrems, 1201-15 Extraction factor

feed preparation, 1205-7 definition, 51k
First Extrection Cycle, 1207-8 effect on H.E.T.5., 535
plutonium concentretion, 1212
Second and Third Plutonium Cycles, FAN House, 291-S, 1105, 1127
121012 _ Feed (IAF) edjustment, 323-2k, 334
Second and Third Uranium Cycles, Feed material (slugs), 103-4, 201-8
1208-9 Feed preperation, 108-9, 303-38
Solvent Treetment, 1213-1k IAF adjustment, 323-24, 334
Waste Treatment, 1214.15 clerification and scevenging,
Enginegr*s flow sketches - see 315-23, 331-32
Tlow sketches engineering flowv diagrems, 1205-7
Entreinment squipment flushing provisions, 1207
&as scrubbing, concentration and flow sketch, 328
distillation equipment, 1503-5 material balance {lowsheet, 328
plutonium concentretors, 708, 709 off-gas treetment, 324-28, 330-31,
solvent-extraction colimns, 531 33-34
Bquilibrium (also see Distribution off-standerd conditions, remedies,
ratios) 334..35
determination, k12.-13 oxidation and ruthenium dis-
distribution ratioc, 40k-3 tillation, 300-15, 331-33
factors affecting, h0o5-11 : procedures,’33813&"
Equilibrium line, 513 rework end alternate routings,
Equilibrium relationships 1207
IA Column plutonium equilibrium slug jecket removal, 303-L, 328-29
diagrams, 475 slug dissolution, 305-8, 328-30
IA Column ureniwm equilibrium Ferrous ion enslytical determi-
diagrams, 459 nation, 2007
IC Column uranium equilibrium Ferrous sulfeanmate
diegrams, 470 analytical determination, 2007
2A Column plutonium equilibrium chemicel properties, 453-3L
diegrams, 475-75 : - distribution ratio, L9l
28 Column plutonium equilibrium : rhysical properties, 453
diagrame, 475-75 Ferrous sulfamate preparation,
hexone-water liquid-vepor equilibria, Lo, 803, 804-3
Lk, 507 _ fire and explosion precautione,
Equipment (elso ses specific entries) 2407
flushing, 1207-1k procedure, 805
sparing policy, 1202-2 Fiberglas filters, 1024-25
Equipment designation, 1205 Filters
Equivalent salting strength, 405-7 Fiverglas, 1024.25
Explosimeter sampling, 1110, 2kol sand, 1025, 1125
Explosion protection, 120, 2L02.8 Filtretion of gaseous wastes, 1023
Exploaion venting, 2405 Filtration of ventilation eir,
Explosive limits 1023-24
definition, 240D Fire and explosion protection,
hexone, 2403 120, 2402-8
hydrogen, 2407 First Solvent-Extraction Cycle
propene, 2408 (also see Columns TA, IB, IC)

Extraction (also see Solvent-extraction) engingering flow disgrams, 1207-8
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First Solvent-Extrection Cycle (cont.)

il

2707

equipment flushlng provisions,
1208

flow sketch, 502

off-standard conditions,detec~
tion and remedies, 515-19

procedures, 603-5

process description, 110, 416-30

rework end alternate routings,
1208

ghutdown procedure, 505-5

startup procedure, 505

- steady-state operstion procedure,

503-5

Fission, 2504, 2507-9

Fisgion products

decay, 203-5, 2607-9, 2611
decontamination in solvent-ex-
traction columns, 551-59
distribution during slug dis-
solution, 300-7
distribution in irrediated
slugs, 203-4
fission yield, 203, 2511
formation, 2607-9, 2511
heating effect in waste storage
tanks, 1012
"irreversible" extractiom, 555 56
mass transfer (scrubbing), 552-55
rroperties of process impor-
tance, 107
radioactivity and heating
effects, 2512-13
retention in soil, 1019

Fission preducts distrivution

ratios, 478-87

ceriun, L48L-805

cesium, 486

effect on decontamination per-
formance, 487-90

gross beta, 478-79

gross gamma, 479-80

lanthenum, 487

ruthenium, 4#80-83

zirconium and nicbium, W3-83

Figsion products important in

plant operations, 205.5, 2511-12
Fission yield, 203, 2511

Flash point

definition, 2ko2

hexone, 2403

hexone in agueous aluminum
nitrate solutions, 451

propane, 2408

DECLASSIFIED
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Flooding
definitions, 312-13
detection, 563, 615
remedy, 515
Flooding cepacity
definition, 512-13
effect of physical variables,
530-33
experimental column dats,

536-51

‘¥low dimgrems (also see Flow

sketches)
engineering, 1201.-15
instrument, 1902-3
Flow measurement and control,
1906.16
Flow rate
effect on apparent deunsity,
552-63
effect on H.T.U., 530, 536-51
Flow ratios
effect on extraction gtage
requirements, 413
effect on H.T.U,, 534
Flow sketches
agueous make-up, 802
feed preparstion, 328
solvent-extraction, 602
solvent treatment, 904
waste tremtment (laboretory), 1030
waste treatment (plent), 10256
¥lowsheats
acid, 415-15
acid-deficient, 415-15
A.N.L. June, 1948, 109, 111-i2, 415
chemicel bases, Lil-15
comparison, 111-12, L14-16
effect on H.T.U, and capacity,.
533-34
feed preparation, 328
HW No. L, 109, 111-12, 415

"hybrld" his
O0.R.N.L. June, 1949, 109,
111-12, 415

simplified Redox flowsheet, 108

waste disposal decontaminatlon,
1015

Freezing points

agueous aluminum nitrate solutions,
450

aqueous plutonium nitrete
solutions, 455

aqueous uranyl nitrate solutions,



Freezing points (cont.)
salt wastes, 450, 1009
Function of pleant, 103-5

GAMMA counting, 2020
Gemme reys, 2103, 2603 _
Gamma ray attenuvation, 2203-9
Gang valves, 1609, 1929
Gas treatment - see Waste treatment
and disposal
Gauge glassgg 1928 , ‘
Gradber, 1 !
HAIF life, 2503
Hanford WOrks preoduction areas, layout,
1103-4 -
Hazards other than redietion, 2401- 16
Hezards, radiation, 2101.18
Head-end treatment - see Teed pre-
paration
Health monitor statioms, 1904k.5, 2107-8
Health protection from radiationa,
2101-18
Heat of extraction, L56-67
Heat of solution
agueous aluminum nitrate solu.
tions, 451
hexone and water, Lh3-hh, 457
uranyl nitrate, Lsh
Helght equivalent to a theoretical :
stege - see H.E.T.S.
Height of a Transfer Unit - ses- H.T.U.
H.E.T.S, .
calculation, 517-20, 521—23
definition, 51k
.effect of extraction factor,. 535
relation to H.T.U., 516, 550-51
- Hexone
chemical properties, 441-43
effect of irrediation, Lh3
flammability and explosiveness,
120-2503
handling preceutions, 24L03- -7, 2h08 9
Inventory limits, 909
leak detection, 240k
oxldizing normelity determinetion,
2010
thysical properties, 4Ll
physiologicel effects, 2408-9
reducing normelity determinetion,

2010
storage and routing, 909-12
synthesis, 902

tolerance concentration, 2408

2o DECLASSIFIED  roummmmems

Hexone distillation, 905-9
Hexone Distillation Column, G-3,
Condenser snd Phese Separstor,
G~-2, 1519-20
desntrainment, 1503-6
description and details, 1519.20
operating disgran, 507-9
operating procedure, 911
process description, 905-9
Hexone impurities
analytical determination, 2007-10
effect on process, LUS-LLUE, 902.4
origin, 902
rrecipitation with plutonium,
705-7
removal - see Solvent treatment
Hexone-nitric acid blending,
503, 912, 191k-15
Hexone. nltrlc acid reactions,
kh2-34, 2ko7
Hexone-nitric acid solutions,
properties, 445 ‘
Hexone specifications,
Hexone @Storege Tanka,
S0-1k2, 1309
Hexone atrippﬁng
plutonium product stream, 708
waste stresms, 1007-8
Hexone treatment, 901..1k
Hexone-vater solutions
azeotrope, vepor pressurse,
temperature, composition data,
Lk, 907
llquid-vapor equilibria, hbl
mutuel solubilities, 443, 905
physical properties, 443-L4%
Hexone-uranyl nitrate - solutions
rhysical properties, 4uik-5
Horizontal extractor, 509
H.?.U,
calculation, 515-17, 520-21,
523-24
definition, 515-15
effect of physical variebles,
530-34
experimental column data, 530-51
Hydrogen
evolution during ferrous
sulfemate preperation, 2407
flarmabillity end explosiveness,
2ho7

DECLASSIFIED
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IGNITION temperature
definition, 2402
hexone, 2403
hydrogen, 2407
propane, 2408
Impact wrench, 1805
Inert gas composition, 1118, 2405
Inert gas blanketing system,
1 1109, 2405
Inert gas generators, 1118
Influent stream distributors,
531-32
Instrumentotion, 1901-30
flow diagrams, 1902-3
flow measurement and control,
1905-15
miscellancous instruments, 1928-30
penel boards, 1903-4
purge-type pressure instrunents,
1915-725
radietion instruments,
150k-5, 2107-9
tenperature instruments, 1925-27
visual and audible aids, 1903
Instrument flow diasgranms, 1902-3
Instrument identification syubols,
190k
Interface location, 511
Interface instruments, 1921-23
Interfacial tension, bOL4-35
effect on column cepacity, 532-33
hexone-water solutions, #uh
Redox systems, 455
Inventory
hexone in process, 909
Pu and U in process, 120
Iogdine
analytical determination, 2020-21
evolution from dissolver, 307-308
removal from dissolver off-gas by
caustic scrubbing, 325-7, 331
removal from dissolver off-gas
with silver reactor, 32k-5, 330,
1021-22
Ionic strength of salting esgents,
407
Iron distribution ratio, 492
Iron powder for ferrous sulfamote
preparation, 803, 804-5
"Irreversible" extraction, 5535-55
Isotopes, 2502-3

shump
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removal
Jet Control House, 291-3, 1127
Jets, 1715

KRYPTON
evolution from dissolvers, 307
in plant gaseous wastes, 100k, 102k

IABORATORY Building, 222-8,
1105, 1127-31
layout, 1127-28
utilities, 1128-31
waste treatment and disposal,
1029-33
Lanthanum distribution ratios, 487
Lubricating system, remote, 1612-13

MAINTENANCE shops, 1807
Menometers, 1925 :
Menusl-control stations, 1929
Mess and energy equivalents, 2506
Meterials of construction - equip-
rnent, 118, 1204, 1302
Melting points
agueous aluminum nitrate solutions,
Lho.50
agqueous plutonium nitrate solu-
tions, 455
aqﬁeous vranyl nitrate solutions,
53
Metal solution storsge, 331
Methyl isobutyl carbinol (MIBC)
analyticel determination, 2008
Methyl isobutyl ketone - see Hexone
Methyl isopropyl diketone analytical
deternination, 2009
Mesityl oxide analyticel deter-
nination, 2008
Microphones, 1900
Mizer-settlers, 507-9
Mock-Up Shap, 277-3, 110k.5, 1802
"Mouse-trap” extractor, 505-7
Multiple-vessel nixer-settler, 508

NATURAL radioactive series, 2503
Neptuniun
analytical determinstion, 2021
content of irradiated slugs, 205-7
decay, 205-7
distribution ratios, 418-19, 475.77
formetion and helf-1life, 2509
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Neutrons, 2502
delayed, 2509
enission from uranium fission
reaction, 2507-8
Neutron reactions, 250k, 2507-10
Niobiun (also see Zirconium and
niobium)
analytical datermination, 2021-22
Nitric acid
analytical determination, 2010-12
entidotes, 2410 :

blending with hexone, 503, 912, 191k-.

15, 2h07 .
distribution ratios, 490-91
handling preceutions, 2407, 2410
heat of extraction, 457
- physiologicel effects, 2409-10
reactions with hexone, Li2-43, 2&07
solubility 4n hexone, 4ki5
storage and routing, 802, 803
tolerance dose and concentration,
2410
Nitric scid-hexone  solutions, physical
properties, 45
Nitric acid proportioning system, -
191h.16 :
Nitric Acid Storage Tanks, SA-122,
SA-123, SA-121, SA.12L, 1309
Nitrogen oxzides
antidotes, 2412
detection, 2411-12
evolution from dissolver, 305-5, 308
physiologicel effects, 2hl2
rerioval from diseclver off-gae by
caustic scrubbing, 325-T7, 331
safety precautions, 2411-12
tolerance concentrations, 2410-11
Nuclear fission, 2504, 2607-9
Nuclear physics fundementals, 2602-T
Nucleer reactions, 2503-13
induced reactions, 2503-4
resg and energy relstionships,
250l -7
Nuciear reactions of uraniunm
fission, 2607-9
formation of plutonium, 2609-10
the pile, 2510
Nucleonics, 2501-1k

CFF -GAS Scrubbers
chertistry of iodine end nitrogen
oxides remowal, 325
deentrainnment, 15035
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Off-Cas 3crubbers (cont.)
descrintion, 1505
furction, 525.27
opereting procedare, 331
Off -Btendard condition remedies
feed preparation, 33436
carrv-over of fines from
centrifuvgntion, 335
excessive fission-product
ectivity %o stack, 334
excesgive U or Pu loss with
centrifugs cake, 335
formetion of Pu(IV) polymer, 335
high Ru, Nb, or Zr ectivity
in IAF, 334
Bludge build-up in the dis-
solver, 335-35
slug dissolution rate too rapid,
335
plutenium concentration
conteninated condensate, 712-13
over-concentration, 713
piugging of colwm pecking, 713
plutonium holdup in vessels, 71k
plutoniun solution rework, 712
Trensfer Trap solution rework, 712
solvent-extraction
flooding, 515
high plutonium loss, 518-19
high ureniun loss, 518-19
low product decontamlnation,
618.19
plutoniun accurmlation, 519
plutoniun product rework, 518
salt waste stream rework, 617
uraniun product rework, 017 18
golvent treatment, 912-13
urenium concentration, 519
waste treatnent
high radiocactivity of crid
wastes, 1029
high radicactivity of Retention
Basin contents, 1029
high U or Pu in selt waste, 1028
undissolved AL(OH)j3 in neutral-
ized waste, 1029
Off-stendard streams rework, 113-1h,
515-18, 1028
Operating dlagrams
Colurm IA, 517-21, 524-26, 553-5kL
Column IB 525
Colurm IC, 521-2L, 525




Opereting diagranms {cont.)
Column IS, 528
construction, 517.30
fission products, 553-54
Hexone Distillation Colummn, 907-9
Second and Third Plutonium
Cycle colurms, 527-28
Second end Third Uranium Cycle
columns, 527
Operating line
definition, 513-1k
derivation, 517-18
Organic - see Hexone
Organic acids, analytical deter-
nination, 2009
Organic Dietillation Column, G-3
description, 1519-20
operating dimgran, 907-9
operating procedure, 911
process description, 905-9
Organic Storage Tanks, S0-1L1,
S0-142, 1309
Organic trestrent, 901-1k4
Orifice-neters, 1911-13
Oxidetion (also see Cross-over
oxidation)
dissolver solution procedure,
331-33
plutoniun in IA Column, 419
plutoniun in cross-over
oxidation, 434-38, 430
plutonium in dissolver solu-
tion, 309-11, 459
rutheniwm in dissolver solu-
tion, 312-31k
Oxidation-reduction potentisls
IB Colunmn systen, Lk23.24
plutoniun, 456
Oxidizer, H-k, deentrainment,
1503.5

PACKED height, effoct on H.T.U.,
531

Packing size, effect on colurm
performance, 530, 537, 539, 540

Packing supports, 510

Packing surface, effect on ex-
traction performance, 53%

Pair-production, 2205

Panel boards, 1903-%

Periscopes, crene, 1803, 1905

NECLASSIFIED
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analytical determination, 2012

aqzﬁous aluninun nitrete solutions,
9
aqueous uranyl nitrate solutions,
k53
pH control instruments, 1930
Phase disengaging sections, 510, 531
Photoelectric absorption, 2204-5
Physiological effects of process
chenicals, 2408-15
Pile, 2510
Piping, 1203-4
Piping codes, 1204
Piping connectors, 1805-56
Piping diagramns
Canyon, 1108
diversion boxes, 11l24-25
galleries, 1113
Sile, 1111
Plutonium
analyticel determination,
2013, 2022-25
chenistry in concentration step,
T05-7
chenistry in crosg-over oxidation,
450
chenistry in dissolver solution,
309-11, 4=9
critical ress, 2502-4
disproportionetion, 456-57
dissolution in HNO3, 305
formation, 205, 2509-10
gas evolution from Pu solutions,
458
half-1ife, 2509
in-process inventory, 120
ionic species, L55.55
oxidetion in dissolver solution,
311
oxidation rates, 419, 435-38,
459, 450
oxidetion-reduction potentials,
Ls5
photoreduction of Pu(Vi)}, 458
polggerization of Pu(IV), 310, 457,
T
precipitate dissolution, T06-7
precipitation with hexone in-
burities or decouposition pro- -
ducts, 457.58, 706-7
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Plutoniun (cont, )
product composition, 104, 705
rroperties of agueous solutions,
45k 60
propertles of process importance,
105-7
rodlation stability of Pu(VI), 458
redicactivity, 2004
reduction in IB Colurm, 423-26, 459
solubility of plutonium nitrates 4in
agueous solutions, LS4 '
specifications (3BP), 104, 612, 61k
valence states, 106-T, 300, k55
Plutoniun concentration, 702-17
chenistry, 706-7
conpositione of concentrator solu-
tions, T05-7
critical mass control procedurs,
71ll-12
engineering flow diegram, 1212
off~standard conditions,detection
end rewedy, T12-1h
Precipitate dissolution, 705-7
procedure, T10-12
process description, T02-k, 707-10
yrocessing rates, 703-4
Properties of concentretor solu-
tions, 705.7
Plutoniun Concentrator, E-17
Condenser, E-18, 1511-13
deentreinment, 1503-5
description, 1510-13, 709
Plutoniun cycles - ses First Solvent-
ceorEBxtraction Cycle, Second and Third
Plutonium Cycles
Plutonium hexone-agueous phase
equilibria
IA Colunn equilibriun dicgrans, 475
IB Colunn syster, 423.-25
2A Colum equilibriun diagrons,
L75-76
2B Colurn equilibrium diegrens,
L75-75
Pu(IIT), W7k
Pu(Iv}, 473-7h
Pu(V), 472-73
Pu(VI),~hTO-72
Plutonéum(IV) polymer, 310, 335, 457,
7O

2712

Plutoniun Pre-Concentrator, E-16
Condenser, E-15, 1511-13
deentrainnent, 1503-6
description, T07-8, 1510-12

DECLASSIFIED  wmemem

Plutonium product, 104, 70k-6
Polyethylene protective coatings,
2312
Positrons, 2503
Pressure gauges, 1928
Pressure taps, column
location, 5560, 1923-24
use, 550-53, 615
Processing Building, 202-8, 115.21,
110k, 1105-20
Canyon, 1107-10
cell sprays, 1110
description, 1107-8
electrical equipment, 1110 —
explosimeter sanpling points,
1110
inert-gas vent system, 1109
piping, 1108
vater fog gystem, 1108-9, 2406
connpressed air service, 1115-16
demineralized water service, 111k
electric power system, 1115-18
smergency pover system, 1117-18
equipment location, 1107
filtered water service, 1114
Galleries, 1113
hexone handling precautions, 2404
inert-gas generaetors, 1118
inert-gas service, 1116, 1118
layout, 115-16, 1106-7
Product Removal Cage, 1113
rav water service, 1113-14
service areas, 1119
shielding, 115-17, 2209-10
Silo, 118, 1111-12
description, 1111
electrical equipment, 1112
piping, 1111 -
viewing windows, 1111-12
water fog system, 1112,21,06
spare equipment and line policies,
120 2""3 [
steam service, 1115
ventilatior, 119-20,1119.20, 2L05-6
Product . emoval Cage, 1113
Product Removal Cage tanks, 1305
Product removal can
description, 709-10, 1508-9
£illing, 711, 1509
revork of PR soluticns, 712 -
Propane
flammability and explosivenese, 2408

DECLASSFED. "o




Propane Storage Area, 2725-S,
110k, 1123-24
Protective coatings, 119, 230k,
2309-13
Protens, 2502
Pump mixer-settler, 509
Pulse columns, 510
Pumps, 1701-1h4
Pumps, "cold" service
caustic metering pump system,
1913-14
description, 1712-13, 1714
design and selection basis, 1712
nitric acid proportidoning
system, 1914-15
performance, 1713, 171k
Pumps, "hot" service, 1702-12
description of production units,
1705-12
design and selection basis, 1702
performence, 1707
process requirements, 1705
regenerative turbine pumps,
17045
spares provided, 1705

RADICACTIVITY, 2503
IAF solution, 205-5 _
fission products, calculstionm,
2612-13
irradiated slugs, 203-5
Radiastion, 2102-3
effects on the body, 2114-17
shi#ldine, 2201-11
types, 2102
Radietion exposure limits, 2103-6
air contamination limite, 2105
definition of terms, 2103-4.
drinking water contamination
limits, 1017, 2105
external radiation, 210L-5
versonnel contemination limits,
2105-5
surface contamination limits, 2106
Radimtion hazerds, 2102-17
Radistion monitoring, 2107-1k
environs, 2113-1k
health monitor stations,
190k-5, 2107-8
instruments, 1904-5, 2107-9
operating areas and eguipment,
2107-9

DECLASSIFED
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Rediastion monitoring (cont.}

personnel, £110.12

stack gas, 2113

ventiletion air, 2112-13

waste storage tank farm, 1015
Rangeability of plant columne, 540
Redox Mock-Up Shop, 277-S, 1104-5
Redox Plant (also see specific

entries), 11L-20, 1101-32
eree layout, 1i4.15, 1104-6
chemicel and utility requirements,

120

Chemical Tank Farm, 211-5, 1104,
1120-21

Decontaminated UNH Storage, 203-S,
1104, 1123 :

design basis, 103

desigr considerations, 1202

fecilities list, 11k-15, 1105-6

function, 103-5 .

Leboratory Building, 222.83,
1127-31

Processing Building, 202-S,
115-15, 1105-19

Propane Storage Area, 2725-85,
1123-24

safety features, 119-20

Solvent Treatment and Storage
Building, 275-8, 1122.23

special features, 115-9

U and Pu inventory, 120

vaste disposal facilities, 1124.27

Redox process (also see specific

entries)

aqueous meke-up, 801-5

basic principles, 1056-8

chemical requirements, 120

feed material, 103-4, 201-8

feed preparation, 108-9, 301-38

flowsheets, 108, 109, 111-12,
414-16

plutonium product, 10k

revork of off-standard streams,
113-1k, 615-18, 712, 1028

solvent-extraction, 109-1k4,
401-k9, 501-55, 501-19

solvent treatment, 112, 901-1k

uraniu product, 104.5

utility reguirements, 120

waste treatment and disposal,
113, 1001-35
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Reduction of Pu in IB Columm,
L23.25, usg
Reflux, definition, 513
Refractive index
aquouB uranyl nitrate solutions,
53
nitric ecid-urenyl nitrate-hexone
solutions, hhé
"Rem", 2103- ol
Remedy of off-standard conditions -
see Off-stendard condition rem-
edies
Remote comnectors, 1805-6
Remote lubricating system, 1612.13
Remote operetion and meintenance,
117-18, 1801-9
connectors 1805.6
crenes, 1802-5
Principles, 1802
removal of equipment, 1807-8
special tools, 1805-7
"Rep", 2103
Retention Basin, 207-5, 1020, 1105,
1124
Revwork column - see Column IS -
Rework of off-ptandard process
streams, 113-1%, 616-18, 712, 1028
Roentgen, 2103
Rotameters, 1906-11
Ruthenium
enalytical determination, 2025
distribution ratios, 480-83
oxidation in dissolver solution,
312, 314
reuoval from dissolver solution -
sqe Ruthenium distillation
scrubbing, 327-28, 333-34, 1022
speqies in dissolver solution, 312
gpeciles In process solutions,
L480-81
Ruthenlum distillation
chemistry, 311-12
decontanination factors, 309, 315
"induction period", 313, 31k
KMnO), methods, 31k-15, 331-2, 333
normel procedures, 331-33
ozcne methods, 312.1k, 332-3
purposs, 309, 311-12
rate of Ru removal, 313-1k
Ru deposition in lines end
equipment, 31415

ons  DECLASSIFIED .ommme

Ruthenium Scrubber, H-5
chemigtry of Ru removel, 327
Condenser, H-6, 1507-8
deentrainment, 1503 5
description, l507~8
normel operating procedure,

333-3k
operetion temperature, 328

SAFETY
eriticel mess control, 119, 509-
11, 711-12, 2501-8
decontamination of surfaces,
2301-15
fire and explosion protection,
120, 2402-8
health protection from radiations,
2101-18
physiological effects of process
chemicels, 2408-15
shielding, llo -17, 2201-11
Selting, 4057
Salting egents
choice, LOT, L1k
equivalent salting strength,
Lkob-7
Sariplers, 1610-11
Sand Filter, 291-5, 1025, 1125
Scales, 1928
Scele-up factors, solvent-extraction
colunns, 531
Scavenging - see Clarification and
scavenging
Scavenging agents, 3156
Schmidt nmumber, 533
Scrubbing, definition, 512
Scrub section design, 551-59
Second and Third Plutonium Cycles
(2lso see Columns 27, 2B, 34,
3B)
by-passing of cycles, 508
cross-over oxidetion, L34-38, 511
engineering flow diegrans, 1210-12
equipment flushing provisions,
1211
flow sketch, 502
off- standard conditions, detection
and renedies, 515.-19
process description, 111, 434.40
proposed cross-over oxidetion
egquipment change, 1211.-12

DECLASSFIED <o
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Second and Third Plutonium Cycles

'(Cont. ) . .
rework and alternate routings,
610, 1210-11

shutdown procedures, 613
startup procedures, 613
steady-state operation procedures,
61112
Second end Third Uranium Cycles
(also see Columns 2B, 2E, i,
3E)
by-passing of cycles, 606
engineering flow disgrans,
1208-9
equipment flushing provisions,
1209
flow sketch, 502
off-stenderd conditions, de-
tection and remedies, 515-19
process description, 110-11,
430.33
rework and alternate routings,
1209
shutdown procedures, 508
startyp procedures, 507
stcady-state operation pro-
cedures, 607
Shielding, 116-17, 2201.11
absorption of alphe and beta
rarticles, 2202
attenuation of garme rays, 2203.7
calculations, 2205-9 :
Redox Plant, 2209-10
5ilo description, 118, 1111-12
Silver Reactors, A-3, B-3, C-3
chenistry of iodine removal,
325, 1022
description, 1503.4
effect of operation temperatures,
325-6, 1022
function, 325, 1021, 1503
icdine removal efficiency, 325
operating procedure, 330
Simple column, definition, 512
Simple multistage extraction, 50k
Single contact extraction, 503
Skin contamination renoval,
2313-1k
Sky shire, 2208-9 .
Slugs, 103-k, 201.8, 2610 ,
‘cocling", 103, 2034, 2511
dimensions and composition, 202

Slugs, (cont.)
febrication, 202
hendling procedure, 207
radicactivity, 203-5, 2612-13
Slug carrying casks, 1602
Slug dissolution, 305-8
chemistry of plutonium Qissolving,
306
chenistry of wranium dissolving,
305-6
distribution of fission products
during dissolution, 306-7
gaseous fission products evolved,
307
general discussion, 307-8
normal procedure, 328-331
off-gas treatment, 325-7, 330-31
rate, 308
Slug jocket removel, 303-4, 328-9
chemistry, 303
effect of NaNO3 concentration, 304
effect of NaOH concentration, 303-k
normal operating procedure, 328-9
slug rinsing, 30k, 329
5,0.D. nixer-settler, 508-9
Sodiun
anplytical determinmation, 2013
distribution retios, 492
Sodiun’ carbonate storege and routing,
802, 803
Sodium dichromate
antidotes, 2hil
hendling precautions, 2hil
rhysiclogical effects, 2Llh
storage &nd routing, 802, 803
tolerance dose and concentration,
2h1h
Sodiun hydroxide
antidotes, 2413
harndling preceutions, 2413
rhysiological effects, 2L13
storage and routing, 802, 8§03
tolerance dose and concentration,
2513
Sodiun Hydroxide Storage Tanks,
5Q-101, 5¢-102, 1309
Sodiun nitrate storage and routing,
802, 803
Solubility .
a@luninun nitrate in aqueous solu-
tions, L48
alunimm nitrate in hexone, U445
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Solubility (cont.)
hezone in equeocus alumlimm nitrate
solutions, k51
hexone in aqueous uranyl nitrate
solutions, 453
miscellaneous golutes in hexone,
14545 |
nitric acid in hexone, L5
plutonium nitretes in aqueous
- solutions, LS54
sulfamic eoid in water, 461
urinyl nitrate in -agueous solutiona,
52
uranyl nitrate in hexone, hhy
Solvation, 405 . :
Solvent {also see Hexone)
choice of, 405, L1k
Solvent-extraction
besic principles, 403-16, 503-17
caleulations, 517-30
definitions of terms, 512-17
equipment types, 505-12
methods, 503-5
procedure, 601-19
process chemistry, 401-92
Process description, 109-12, 403-40
process engineering, 501-66
variavles affecting, 530-35
Solvent-extraction columns - see under
Columns
Solvent~extraction cycles - ses First
Extraction Cycle, Second and Third
Plutonium Cycle, Second end Third
Uranium Cycles
Solvent-extrection performance
calculations, 517-2h
measurement, 41k, 51L-17
variebles affecting, 413-1k, 530~
35, 563-65
Solvent treatment, 112,.901- i
engineering flow disgrems, 1213-1h
equirment flushing provisiona, 1213
flow sketches, 90k
normel procedures, 909.12
off-ptendard conditions,detection
and remedies, 912-13
pretreatment, 904-5, 909-10
process description, o0k.9
retreatment, 909
rework and alternate routings, 1213
solvent recovery, 906-9, 910-12

S NECLASSFIED .

Solvent Treatment and Storage
Building, 276-3, 110k, 1122-23
Spare equipnent end line policies,
1202-3
Special hazerd bulletins, list, 2110
Specific gravity (also see Density)
enalytical determination, 200k.5
UNH.-HNO3-Ho0 solutions, 308
Specific gravity instruments, 1918-20
Specific heats
uqzeous eluminum nitrete solutions,
50
uqﬂsoun uranyl nitrate solutions,
53 -
nitric ascid-uranyl nitrate-
hexone solutions, 4L5
Sprey column, 510
S.P.R.,U, mixer-settler, 509
Stack, 291-8, 1025« 26 1105, 1127
Stages
calculation of H.E.T.S., 517-20,
52123
defiﬁition of thecoretical stage,
51.
Redox column requirements, 528.30
Stean jets, 1715
Strainers, 1611.12
Strippeble protective coetings, 2312
Stripping, definition, 512
Bulfemic acid
analytical determinetion, 2007,
201h4-15
chemical properties, 461.62
distribution ratio, k9L
for ferrous sulfamate prepare-
tion, 803, 80k, 805
Physical properties, k51
Sulfuric acid
antidotes, 2413
hendling precautions, 2412
physiological effects, 2412-13
tolerance concentration, 2412

TACHOMETER , 1929
Tanks, (also see specific entries)
1301-11
olesgifications, 1302
design bases, 1303
materials of eonstruction, 1302
Tanks, "eold", 1307-10
design basis, 1307-8
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Tenks, "cold", (cont.)
process tanks, 1308.9
gtorage tanks, 1309-10
Tenks, "hot", 1303-7
¢onyon eree, 1300
design basis, 1303-5
dissolvers, 1306-7
draining and flushing, 1303
FR Cage, 1305
Tempereture, effect on
extraction, 535
Temperature control instruments,
1925.27 '
Theoretical stage, definition, 51k
Therrometers, 1925-27
Third Plutonium Cycle - see
Second and Third Plutonium
Cycles
Third Urenium Cycle - see Second
and Third Uranium Cycles
Transfer units,
calculation of H.T.U., 520-21,
503-24
definition, 515-156
Redox column requirements, 528-30

UNDERGROUND stornge tanks - sSee
Waste Storage Tanks, Hexone
Storage Tanks

UNH Storage Bullding, 203-3, -

1104, 1123

UNE Storage Panks, SU-151, SU-152,
1309-10

Uranium (2lso see uranyl nitrate)

analytical determination, 201L-17
dissolution in HNOg, 305-6
in-process inventory, 120
nucleer reactions, 2607-10
product composition, 10k-5
properties, 105, 305
specifications (3EU), 10L4-5, 51k
specifications (U03), 105
Uranium concentration
caustic addition system, 1913-1h
normel procedures, 504-8
off -standard conditions, remedies,
519
process description, 429-30, 433
Ureniunm Concentrators, F-2, F-5, E-10
Condensers, F-3, F-5, E-9, 1509-10
deentrainment, 1503-0
description, 1508-10

= DECLASSIFIED
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Uraniun cycles - see First Solvent-
Extraction Cycle, Second and
Third Uranium Cycles

Urcniun hexone-agueous phose
equilibria, 468-70

IA Colunn equilibriun diegrams, k59

IA Colurm system, L58-69

I¢ Colurm equilibrium diagrams, L70

10 Column system, 469-T0

effect of nitric eacid concen-
tration, 468, 459

effect of salting agent, 458

effect of solvent impurities, L&9

offect of temperature, 469, L70

effect of uraniun concentration,
468, L4569

Uraniun product, 104-5

Uranium slugs - see Slugs

Uranyl nitrate

densities of aqueous solutions,
308, bLs2

diffusion coefficient, LSk

heat of extrection, 45667

neat of formation, 306

jonizetion, 406

properties of agueous solutions,
451-54

solubility in hexone, 4bhk

specific gravity of aqueous
solutions, 308

Uranyl nitrete-hexone solutions
physical properties, hlh-L5

Utility requirements,Redox process,
120

VALVES
Canyon area, 120L _
Hammel-Dehl air-operated, 1908-9
menual-control stations, 1929-30
Valve codes, 120k
Ventilaticon
Iaboratory Building, 222-5, 1130-31
process equipment, 1023, 1109
Processing Building, 202-5,
119-20, 1119-20, 2405-6
Solvent Treatment and Storege
Building, 276-S, 1122-23, 2hok
Vessels (also see spscific entries)
Class I, 1302
Qlass IT, 1302
Class IITI, 1302
Vibretion indicator, 1928-29
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Viewing windows, 1111-12
Vistosity

a@ﬁioﬁs aluminum nitrate solutions,

9 _

aqzeous urenyl nitrate solutions,
3 52

‘effect on column capacity, 532
.. effect on H.T.U., 533

“hexone solutions, Lhl, Li6
Volatilization of ruthenium - see

Ruthenium diestillation

Volume velocity

definition, 535-37

effect on H.T.U., 530, 535-51

WASTE concentration, 1008-9, 1026
Waste Concentrator, Dn-12
Condenser, D-11, 1513.15
decontamination performence, 1016
deentreimment, 1503-5
description and details, 1513.15
operetion, 1026
Waste cribbing, radicactivity limits,
1017
Waste cribs, 1019, 1125
Weste disposal; (also see Waate treat.
went end disposal), 113, 1001-3k
Waste disposal facilities
Building 275-S, 1019, 1122
Iaboratory Building, 222-8, 1029-32,
1105
Processing Building, 202-8, 1013.-15,
1019, 1020, 1024-25, 1105, 1124-27
Wastes, gaseous, 1005, 1021
Wastes, laboratory (222-8), 1029-33
Wastes, liguid, 1003-5, 1015
Waste Storage Tank Farm, (2h1.8),
1013-15, 1105, 1125.26
Weste storage tanks
description, 101k, 1025.26
fission products, heating effects,
lolz
radiation intensity, 1011-12
Waste treatment and disposal, 113,
1001.34
gaseous wastes, 32k-28, 1021-26
disposal facilities, 1024.25,
1126-27
disposal through stack, 102k
filtretion, 1023-24
iodine removal, 324-27, 330-31,

1021-22

y I f'
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Waste treatment eand disposal {cont.)
gaseous wastes (cont.)
rediocectivity, 1021
ruthenium scrubbing, 327-28,
333-3k, 1022
source, 1021
volume, 1021
laboratory dry wastea, 1033
laboratory gaseous wagtes, 1032-33
leboratory liquid wvastes, 1029.32
ligquid wastes,decontamination
flowsheet, 1015
liquid wastes,flow sketch, 1026
liguid wastes, high activity,
1006-1015
aluminum nitrate recovery,
1012-13, 1215
cempositions, 1006
concentration, 1008.9
engineering flow diagrams,
1214-15
equipment flushing provisions,
1214
fiesion rroducts, heating
effect, 1012
freezing points of salt vastes,
k50, 1009
hexone removel, 1007-8
neutralizetion, 1009.11
off-standard conditions,detec-
tion and remedies, 1028, I029
procedures, 1026-27
radioactivity, 100k, 1006
revork end alternate routings,
1214
source, 100k, 1006
storage facilities, 1013-15,
1125-26
volumes, 1004, 1006
liquid wastes, low activity,
905, 1017-19
course of cribbed wastes, 1018-19
disposel facilities, 1015, 1019,
1125
engineering flow diagrams, 1215
equipment flushing Provisions, 1215
off.atandard conditions, detection
end remedies, 1029
Procedures, 905, 1027-28
radiocactivity, 1015
revork and alternate routings,
1215

DECLASSIFIED
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Waste trestment and disposal (c
ligquid westes, low activity
source, 1015

volumes, 1015
liquid westes, negligible
- ometivity, 1020
disposal tacilities, 1020, 112k
off-standerd conditions,de-
tection and remedies, 1029
Wash solution make-up, 803
Water fog systems
Building 2705-2, 1123, 24006
Canyon, 1108.9, 2405
Silo, 1112, 2406
Water systems
demineralized, 802, 1114
filtered, 111k
raw, 1113-14 :
Weight-factor instruments, 1915-1 - —
Wobble meter, 1928-20 RN !'T'
XENON . -
evolution from dissolver, 307, 308 A
in plant gaseous wastes, 1024

.

ZIRCONTUM R
annlytical determinetion, 2025-27 : o
Zirconium end niobium oo T
chemistry in process solutions,
483
distribution retios, 482-85
scavenging from dissolver solutions,
318-21, 331-33
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